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has  been  to   :ollect  such  information  a 


Dl  enable  practical  electrical 
Mil  plant  superintendents,  operate 
l  select  and  install  commercial  electric  il  TtiRaratjje  and  j»njaial 

lein  tor  operating  trie  equipment  alter  it  nas  oeen  instauea. 
(For  a  dozen  years  the  compiler  has  maintained  a  personal  file 
f  looFc-leaf  notes  on  practical  electrical  subjects.  This  material 
instituted  the  nucleus  around  which  The  American  Electricians' 
landbook  has  been  assembled.  Additional  matter  has  .been  col- 
>cted  from  many  sources.  Extracts  from  standard  books  and  from 
Schnical  magazines  have  been  utilized  freely.  Much  of  the  tent 
(  from  articles  prepared  by  the  compiler  and  printed  in  trade 
*pers.  The  endeavor  has  been  to  give  proper  credit  for  all  material 
hat  has  appeared  previously. 

While  this  is  not  a  so-called  "theoretical"  book  it  is  theoretical 
t>  the  extent  that  the  information  that  it  gives  is  hased  on  sound 
pysical  laws,  as  all  good  engineering  practice  must  be.  However, 
be  truths  arising  from  the  laws  have  been  given  rather  than  the 
ieduction  of  the  laws  themselves.  Theoretical  discussion  has  been 
hcluded  only  where  it  may  be  of  assistance  in  enabling  the  reader 
p  understand  why  he  should  do  certain  things  in  certain  ways. 
[  Some  relatively  simple  suhjects  have  been  treated  at  considerable 
pngth,  and  others  of  a  more  complicated  nature  may,  perhaps,  ap- 
fear  to  have  been  slighted.  There  are  two  reasons  for  this:  firsl, 
pace  limitation  considerations  and  second,  the  desire  to  cover 
Itoroughly  those  things  which  the  practical  man  encounters  most 

I  Illustrations  and  diagrams,  everyone  of  which  has  been  especially 
Irepared  for  this  book,  have  been  used  very  freely,  because  one 
■titration  will  frequently  explain  more  than  several  pages  of  tent. 
Many  special  problems  are  solved  to  indicate  the  proper  application 
If  the  rules  which  are  given.  No  attempt  has  been  made  to  treat 
Ipparatus  or  materials  involving  voltages  exceeding  2400. 
'  Although  this  handbook  has  been  prepared  primarily  for  men  of 
fltle  schooling,  it  is  designed  to  give  practical  information  on  mate- 
Hals,  and  suggestions  for  the  selection,  installation  and  operation 
■  equipment,  that  will  be   of  service  to  the   technically  trained 

I  In  books  of  this  character  some  typographical  errors  are  inevit- 
able. The  compiler  and  publishers  will  be  glad  to  have  notice  of 
|ny  that  are  discovered,  and  to  have  suggestions  for  the  future 
Wargement  and  improvement  of  the  book. 

Terrell  Croft. 
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CONVERSION  TABLES  AND  USEFUL  FACTORS 
CONVERSION  FACTORS    (Standard  Handbook) 


sq.  ] 


jmm.=30.37  mils  =  0.0.3937  in. 

i  cm.  =0.3937  1^  =  0.0328  ft. 

1  in.    =15.4  mm.  =0.083  ft.  =0.0278  yd.  =  2. 

I  ft.     =304.8  mm.  =  i2  in.  =  o.333  yd.  =  o.30 

1  yd.    =  91.44  cm.  =  36  in.  =  3  ft.  =  o.gi4  m. 

im.    =  39.371^=3.28  ft.  =  1.094  yd. 

1  km.  =3,281  ft.  =  1,094  yd.  =  0.62(3  miles. 

1  mile  =  5, 280  ft.  =  1,760  yd.  =  1,609  m.  =  i.6 

1.    Surface 
icir.mil    =0.7854  sq.  11111  =  0.0005067  sq.  1 


0.0000007854 


.01  oS  sq.  ft. 

0.0069  s(i-  ft- 

1  sq.  yd.  =0.0929 


1  sq.  mil  =1.273  cir.  mil  =  0.000645  sq.  mm.= 
I  sq.  mm.  =  1,973  cir-  mil=  1,550  sq.  mil  =  0.0 
I  sq.  cm.  =197,300  dr.  mil  =  o.i55  sq.  in.  =  o. 
I  sq.  ill.  =  r, 273, 240  cir.  mil  =  6.45i  sq.  cm.- 
1  sq.  ft.  =929.03  sq.  cm.  =  i44  sq.  in.  =  o.n 

1  sq.  yd.  =1.296  sq.  in.  =9  sq.  ft.  =0.00836  a 

1  sq.  m.  =1,550  sq.  in.  =  io.?  sq.  ft.-1.195  sq-  yd. =0.000247 

I  acre        =43,560  sq.  ft.  =  4,840  sq.  yd.  =  4,047  sq.  m.  =0.4047 
ictare  =  0.00404 7  sq.  km.  =  0.001562  sq.  mile. 
1  sq.  mile  =  27,880,000   sq.  ft.  =3,098,000   sq.    yd.  =  2, 590,00 
..  m.  =  640  acres  =  2.59  sq.  km. 

.    3.    Volume 
1  cir.  mil-ft.^0.0000094248  cu.  in. 

1  eu.  cm,      =.061  cu.  in.  =  0.0021  pt.  (Iiq.)  =  o.oor8  pt.  (dry). 
1  cu.  in.        =16.39  cu.  cm.  =  0.0346 .pt.  (Hq.)  =0.0298  pt.  (dry). 
^0.0173  qt.  (liq. )  =  o.oi48  qt.  (dry)  =  0.0164  ■■  or  cu.  dm.  =  0.0036 
gil.  =  0.0005787  cu.  ft. 
ipt  (liq.)     =473.18  cu.  cm.  =  28.87c 
I  pt  (dry)     =550.6  cu.  cm.  =33.60  cu 
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FUNDAMENTALS 


nigh  a  pipe  depends,  to  a  large  extent  on  the  hydraulic  pressun 
the  pipe.  (Water  pressure  is  measured  in  pounds  per  squari 
i.)  Similarly,  electric  pressure  or  e.m.f.,  measured  in  volts 
luses  electricity  to  flow.  A  volt  means  somewhat  the  same  thing  ii 
ing  of  a  flow  of  electricity  as  a  pound  pressure  does  in  speakinj 
flow  of  water.  A  higher  hydraulic  pressure  is  required  t< 
:e  a  given  amount  of  water  through  a  small  pipe  than  througl 
•  large  one.    Similarly  a  higher  voltage  is  required  to  force  a  givei 


{~ Rotary  Pump 

\  SCO  Pounds  Pr+swrv. 


Pig.  7. — Water  flow  blocked  by  a  closed  valve. 

it  of  electricity  through  a  small  wire  than  through  a  larg< 
If  the  voltage  impressed  on  a  circuit  is  increased  the  curren 
be  correspondingly  increased.    See  Fig.  6. 
16.  The  distinction  between  amperes  and  volts  should  (Timbie 
e  clearly  understood.     The  amperes  represent  the  rate  of  elec 
ricity  flow  (see  Par.  12)  through  a  circuit  while  the  volts  represen 
le  pressure  causing  the  flow.     In  the  case  of  both  electricity 
id  water  there  may  be  great  pressure  and  yet  no  current.     1 
the  path  of  the  water  is  blocked  by  a  closed  valve  (Fig.  7)  then 


200  Volts  Pressure 


^•Wire  under  ZOO  folts  Pressure 


Return  Wire 


^^.    Electric  Mi 


Open' 
Switch 


Pig.  8. — Electricity  flow  blocked  by  an  open  switch. 
will  be  no  current  (flow  of  water)yet  there  may  be  high  pressure 
If  the  path  of  electricity  is  blocked  by  an  open  switch,  Fig.  8 
there  will  be  no  current  of  electricity,  though  the  pressure  (voltage 
might  be  high.     Furthermore,  it  is  evident  that,  with  a  givei 

:  hydraulic  pressure,  more  water  will  flow  through  a  large  pip< 
than  through  a  small  one.     Similarly  with  a  given  voltage,  mor< 

,  electricity  will  flow  through  a  large  wire  than  through  a  smal 
one. 

17.  Resistance  is  the  physical  property  of  a  material  by  virtu* 
of  which  it  opposes  the  Bow  of  an  electric  current.  Tnfc  oYan,  \s>  \N 
Practical  unit  of  resistance.  If  a  pressure  of  1  volt  is  lmpTfcs&eA 
■  circuit  and  1  ampere  Bows,  that  circuit  has  a  resistance  ol  t.  0 
jartunxi  of  mercury  106.3  cm.  long,  having  a  cross-secV\ora\  ax 

wZ^TJZfT?  b&le  a  Stance  of  1  ohm.     ^  P^ce  c 
*>pper  wire  1000  ft.  long  has  a  resistance  of  almost  exac^Y  • 
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18.  A  resistor  is  an  object  having  resistance;  specifically, 
resistor  is  a  conductor  insened  in  a  circuit  to  introduce  resistant 
A  rheostat  is  a  resistor  so  arranged  that  its  effective  resistance  ci 
be  varied. 

ig.     What  Determines  Resistance.— The  amount  1    _._ 
offered  to  the  Oowof  water  through  a  pipe  or  to  the  flow  of  elect  riu: 
conductor  is  determined  by  somewhat  analogous  p 

ties  of  the  pipe  and  of  the  conductor  respectively,  as  follows 


through 
ertiesoi 

1.  Uiami 
J.  Lengll 
3.  Mater 


Properties  Determining  Flow 


With  both  electricity  and  water  flow  (assuming  a  constat 
pressure)  the  longer  the  wire  or  pipe  Ihe  less  the  flow;  the  small* 
the  diameter  of  wire  or  pipe,  the  less  the  flow  and  vice  versa. 

The  resistances  of  different  materials  vary  greatly.  Sorftl 
is  the  metals,  conduct  electricity  very  readily,  hence  are  calle 
conductors.  Others  such  as  wood  or  slate  are,  at  least  whe 
moist,  partial  conductors.  Still  others,  such  as  glass,  porcelain  an 
paraffin,  are  called  insulators  because  they  are  practically  t 
conducting.  No  material  is  a  perfect  conductor  and  nt 
is  a  perfect  insulator. 


22.  A  circular  mil  is  the  area  of  a  circle  y^  in.  in  diameta 
A  mil  is  tAtt  of  an  inch.  See  Fig.  9.  The  areas  of  electric  con 
ductors  ace  usually  measured  in  cir.  mils.  Since  the  area  of  an; 
figure  varies  as  the  square  of  its  similar  dimensions,  the  area  c 
any  circle  can  be  expressed  in  cir.  mils  by  squaring  its  diamett 
expressed  in  thousandths.  Thus,  since  i  =  rVift  =  °.375,  tic  are 
of  a  circle  |  in.  in  diameter  would  be  375X375  =  '40,625  cir.  mill 
The  area  of  a  circle 0.005  in-  diameter  would  be  5X5  =  35  cir.  mill 

23,  A  square  mil  is  the  area  of  a  square  having  sides  Th-ff  it 
long.  See  Fig.  9.  Areas  of  rectangular  conductors  arc  sometirjM 
measured  in  square  mils.     Areas  in  sq.  mils  are  obtained  by  mult: 

plying  together  the  Jength  and  breadth  oi  the  recvat\g\e  e^esse 
in  thousandths  of  an  inch.     Thus,  the  area  oi  a,  iccW-n^Vt  ^  i 
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To  reduce  square  mils  or  square  inches  to  circular 
use  the  following  formula 
[,  mils  =  cir.  milsXo.7854 

'    0.7854. 
Cir.  mils   = 

s, 


- 

lar  mils  or 


007854         0.0000007854 
15.     The  circular  mil-foot  (dr.  mil-ft.)  is  the  unit  conductor, 
wire  having  a  sectional  urea  of  one  circular  mil  and  a  length  of  one 
Ffoot  is  a  cir.  rail-ft.  of  conductor. 
The  resistance  of  a  cir.  mil-ft.  of 
;  a   metal  is  sometimes  called  its 
specific  resistance  or  its  resistiv- 


1  Jty.    The 


il-ft. 
>ndi- 


■ 

' 

> 

' 

'. 

¥ 

' 

/ 

- 

of  copper  under  different 

Itiohs  is  given  in  Fig.  II.  re- 
sistances for  other  metals  and 
alloys  are  given  in  Table  38. 
26.  To  obtain  the  resistance  of 
a  conductor  of  any  common  metal 
I  or  alloy  use  the  value  given  for 
I  Ihe  resistance  of  a  cir.  mil-ft.  of 
I  lie  material  in  Table  18  in  the 
Mowing  formula: 

I        P  -       fX'        nr     ^X' 

,  dr.  mils  d1 

I  Wherein  R  =  resistance  of  the  con- 

I  ductor  in  ohms,  p  =  resistance  of  a   ^^ZIJ-.^""'"  ','i";":ral""'ii  "" 

I  cir.  mil-ft.  of  the   material  com- 

'  p^ing  the  conductor,  from  Table  28,  /=  length  of  conductor  i; 

I  tat,  J  =  diameter  in  mils  and  rf!  =  diameler  in    mils  squared   or, 

]  what  is  the  same  thing,  the  area  of  the  conductor  in  circular      '' 

1  The  other  forms  of  the  formula  are: 


■5  Centigrade 


Pig.  11— Curv 


fesmffe.- 


*-!  -  ^ 


[  in  the  formula: 


J7.     The  resistances  of  conductors  that  a 
ob be  computed  by  first  qvlti'iig  (heir  a 
toeing  this  sq.  in.   value  to  cir    mils  i 


:e  not  citcuiat  ii*  ~— 

eas  in  sq.  in.  ani   '&»'£**' 

s  '«».«/•  '«■  vaiue  to  cir.   mils  as   indicated   aliove.    '^CT 

■■ dw,th  the  formula  in  the  preceding  paragraph.  _ 
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Sect  1]  FUNDAMENTALS 

29.  Change  of  Resistance  with  Change  of  Temperature. — ". 

resistance  of  all  pure  metals  increases  as  they  become  hot.  r. 
resistance  of  certain  alloys  is  not  affected  by  the  temperature. 
wiring  for  light  and  power,  changes  in  resistance  due  to  change; 
temperature  are  so  slight  that  they  may  be  wholly  disregard 
Sometimes,  with  electrical  machinery,  changes  in  resistance  dm 
changes  in  temperature  may  be  of  importance,  in  that  speeds,  1 
tages  or  currents  may  be  appreciably  affected  thereby.  The  p 
portion  that  resistance  increases  per  degree  rise  in  temperature 
called  the  temperature  coefficient  of  resistance.  See  Table 
for  values.  For  all  pure  metals,  the  coefficient  is  practically 
same  and  is  0.004  for  temperatures  inxlegrees  Centigrade  and  0.0 
for  temperatures  in  degrees  Fahrenheit. 

30.  To  find  the  resistance  of  a  conductor  at  any  ordinary  tempe 
tare,  use  this  formula: 

Rn^Rc+aXRc  (Th-Te)  or  Th-Tc=  -h~^- 

Wherein  Rk= resistance  in  ohms  hot,  ^c  =  resistance  in  ohms  o 
7*  =  temperature  of  conductor  hot,  in  degrees,  Te  =  temperaturi 
conductor  cold  in  degrees  and  a  =  the  temperature  coefficient  of 
material  of  the  conductor  from  Table  28.     (This  is  an  approxin 
method,  but  it  is  sufficiently  accurate  for  all  ordinary  work.) 

Example. — The  resistance  of  a  cir.  mil-ft.  of  annealed  copper  is  9.59  ol 
at  33°  P-    What  will  its  resistance  be  at  75°  P.? 

Solution. — Prom  Table  28  the  coefficient  is  0.00223.  Substitute  in 
formula: 

Jfck-  Rc+oXRc(Th-  Te)  -  9.59+ 0.00223  X  9-59(75  -  32) 

-  9-59  +  0.00223  X  9-59  X  43 
-9.59+0.92 

—  10.51  ohms,  at  75°  P. 

31.  The  Temperature  Rise  in  a  Conductor  can  be  Determi 
with  the  above  Formula  by  Measuring  Hot  and  Cold  Resistance 
The  expression  "7*  —  Te"  is  the  difference  between  the  hot  1 
cold  temperature  and  is  therefore  the  temperature  rise  or  fall. 

Example.'— The  resistance  of  a  set  of  copper  coils  measured  20  ohm 
a  room  temperature  of  200  C.  After  carrying  current  for  some  time 
resistance  measured  20.78  ohms.  What  was  the  temperature  rise  in 
coil? 

Solution. — The   temp.  coef.  of  copper  per  degree  C.  is,  from  Table 

004*    Substitute  in  the  formula: 


a  004 


TV     r         Rh-Rc        20.78-20.0        0.78  0  n 

ZA— le  —    5 —  -- —    — ^  —  9«75     Vy» 

aRc  0.004X20  0.08 


Therefore  the  average  temperature  rise  in  the  coil  was  9  J°  C. 

32.  Contact  resistance  is  the  resistance  at  the  point  of  conl 
of  two  conductors.  Heat  is  always  developed  at  such  a  p< 
when  current  flows.  The  greater  the  clamping  pressure  betw 
the  conductors  in  contact  and  the  greater  the  area  of  contact, 
less  the  contact  resistance  will  be.  The  nature  of  the  surfs 
in  contact  must  also  be  considered.  Smooth  surfaces  have 
contact  resistance  than  do  rough  surfaces.  Contacts  sfooviYd  ^ 
be  so  designed  that,  for  a  given  current,  the  area  ol  carotaKX 
be  huge  enough  that  the  contact  resistance  wi\\  ncA.be  %o  «t< 
to  cause  excessive  hetking.     Table  33  indicates  sale  va\\*es 
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33.    Safe  Current  Densities  for  Electrical  Contacts  and  fo 

Cross  Sections 


Kind  of 
contact 

• 

Material 

Current  density 

Amperes  per 
square  inch 

Square  mils 
per  ampere 

Sliding 

Copper  brush 

150  to    175 

100  to    125 

30  to      40 

60  to      80 
50  to      60 
40  to      50 

150  to    200 
125  to    150 
100  to    125 

100  to    125 
75  to    100 
70  to      90 

125  to    175 

100  to    125 

75  to    100 

200  to    250 
175  to    200 
150  to    175 

1200  to  2000 
1000  to  1600 
800  to  1200 
500  to    700 
300  to    400 
575  to    750 

5700  to    670 

contact 

Brass  gauze  brush 

8000  to  jooo 

(brushes) 

Carbon  brush 

25000  to  mo 

Sonne 

Copper  on  copper 

12500  to  1670 

contact 
(switch  blades) 

Screwed 

Brass  on  brass 

16700  to  2000 
20000  to  2500 

Copper  to  copper 

5000  to   670 

contact 
Clamped 

Composition  to  composition . 
Copper  to  copper 

6700  to    800 
8000  to  1000 

8000  to  1000 

contact 
Fitted 

Composition  to  copper 

Composition  to  composition . 

Copper  to  copper 

1 0000  to  1300 
1 1 000  to  140c 

5700  to    8oc 

contact 
(taper  plugs) 

Fitted  and 

Composition  to  composition . 

8000  to  IOOG 

10000  to  130c 
4000  to    50c 

screwed 
contact 

Composition  to  composition. 
Copper  wire 

5000  to    57c 
5700  to   67c 

500  to      8c 

600  to    IOC 

Cross 

Copper  rod 

800  tO     I2C 

section 

Brass  casting 

1400  tO     20C 

2500  to    33c 

1300  to    17c 

34.  Ohm's  Law. — There  is  a.  simple  relation  between  the  ele< 
tromotive  force  (volts),  the  current  (amperes)  and  the  resistanc 
(ohms)  in  an  electric  circuit.  This  relation  is  expressed  by  Ohm 
law,  viz:  The  electric  current  in  a  conductor  equals  the  electromoti\ 
force  divided  by  the  resistance.    Expressing  this  law  in  symbols: 


R 


or 


*-f 


or 


E=IXR 


Wherein,  7  =  the  current  in  amperes,  E  =  the  electromotive  fore 
in  volts  and  R  =  the  resistance  in  ohms. 

In  the  above  form,  Ohm's  law  applies  only  to  direct-currer 
circuits  or  non-inductive  alternating-current  circuits.  Whei 
inductive  alternating-current  circuits  are  involved  it  must  t 
modified  before  application.    See  index. 

35.    In  applying  Ohm's  law  many  errors  are  made.    It  can  t 

applied  to  an  entire  circuit  or  to  only  a  portion  of  a  circuit.    Whe 

applied  to  an  entire  circuit  (Timbie):     The  current  (amperes)  i 

/is  entire  circuit  equals  the  voltage  across  the  entire  circuit  divided  b 

Me  res/s/ance  (oJtms)  of  the  entire  circuit.    Note  that  the  word  entii 

applies  to  current,  voltage  and  resistance  alike.    \Avetv  a^Yv 

9  out  part  of  a.  circuit  (Timbie):  The  current  in  a  certain  ^art  0 
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circuit  equals  the  voltage  across  that  same  part  divided  by  the  resistance 
of  that  part. 
36.    Examples  of  the  Application  of  Ohm's  law. 

Example. — What  will  be  the  current  in  the  circuit  of  Fig.  12? 

Solution. — An  entire  circuit  is  shown.  It  is  composed  of  a  dynamo,  line 
wires  and  a  resistance  coil.  t  The  e.m.f .  developed  by  the  dynamo  (do  not 
confuse  this  with  the  e.m.f.  im- 
pressed by  the  dynamo  on  the 
fine),  is  120  volts.  ,The  resist- 
ance of  the  entire  circuit  is  the 
sum  of  the  resistances  of  dynamo, 
line  wires  and  resistance  coil. 
Substituting  in  the  formula: 

7      ?  120 

'"  R?  1+1+9+1 
120 


'DynattKK  Resistance'  I  Ohm  ^ 
'      £MF.developed'l20  Volts 

Resistance  Coil*  9  Qhms-^ 

r 


WWWVl 

*www* 


12 


» 10  amp. 


^Line  Wires,  Resistance  ofeach*IOhm 
Pig.  12. — An  entire  dynamo  circuit. 


Example. — What  current  will 
flow  in  the  circuit  of  Fig.  13  ? 
t  Solution. — This  again  is  an  en- 
tire circuit.     Substituting  in  the 
formula: 

,.- j 


Line  Wires,  Resistance  of^ 


I 
3.5 


0.5  +  0.5+2  +  0.5 
—  0.28  amp. 


as  Ohm*' 


Magnet  Coil.-' 
Resistance^  20hms 

Gravity  Battery,  EME* 
I  Volt,  internal  Resistance* 
OS  Ohms. 


Fig.  13.— :An  entire  battery  circuit. 


Note  that  the  internal  resistance 
of  the  battery  must  be  considered. 

Example. — With  10  .amp.  flowing,  what  will  be  the  voltage  or  drop  across 
each  of  the  line  wires  in  Fig.  14? 

Solution. — Each  has  a  resistance  of  0.1  ohm,  hence 

E  =  /X1*-ioXo.i-i  volt. 


Switch  V 

6    *-^ 


! 


'R'  0.1 Ohm 


Feeder 


"-R'OIOhm 


7.  <r-6enerating  Station 
V7777/A 


■20  Amperes 
S4otor\ 


2S  Amperes 

r-Motor 
S Amperes 


Fig.  14. — Feeder  to  motors. 


^8 


Lamp^ 


Branch 


*F 


'OS  Amp 


-' —> 


Motor  Requires  20  Amp 


T 

Branch   » 


4 


B 


*3/F7 


Fig.  15. — Portions  of  circuits. 


Example. — What  is  the  resistance  of  the  incandescent  lamp  of  Fig.  15? 
It  is  tapped  to  a  no- volt  circuit  and  the  ammeter  reads  0.5  amperes.  The 
branch  wires  are  so  short  that  their  resistance  can  be  neg\ecXeA* 

Solution. — Substitute  in  the  formula: 

»—  E        no  . 

K~  f  ™   -_~7  «220o]imt» 
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Example. — The  motor  of  Pig.  15  B  takes  20  Amperes  and  the  drop  in  voltage 
in  the  branch  wires  should  not  exceed  5  volts.  What  is  the  greatest  resist- 
ance that  can  be  permitted  in  the  branch  conductors? 

Solution.— Substitute  in  the  formula: 

R  —   -=-  —   —  —  0.25  ohms. 
/         20 

This  (0.25  ohm)  is  the  resistance  of  both  wires.  Each  would  have  a 
resistance  of  0.125  ohm. 

Example. — The  arc  lamp  Pig.  16  takes  5  amperes.  The  resistance  of 
each  branch  wire  is  0.1  ohm.  What  will  be  the  drop  in  volts  in  each  branch 
wire? 

Solution. — Substitute  in  the  formula: 

E-.RX/-0.IX5-0.5  volts. 

In  both  branch  wires  or  in  the  branch  circuit  the  volts  lost  would  be  2  X  o .  5  — 
1  volt. 

Example. — Three  motors  (Fig.  14)  taking  respectively  20  amperes,  25 
amperes  and  5  amperes  (these  values  were  stamped  on  tjhe  name  plates  of 
the  motors)  are  located  at  the  end  of  a  feeder  having  a  resistance  of  0.1  ohm 
on  each  side.     What  will  be  the  volts  drop  in  the  feeder? 

Solution.— Substitute  in  the  formula: 

E  =  KX/-(d.i+o.i)X(20+25+5)-o.2X5o-,io  volts. 


^ 


«0 


R.*Q.IOhm 


S^Hch  Branch  C'V/m^-sA 


R*a/Ohm 


Fig.  16. — Portion  of  a  circuit. 

37.  Power  in  direct-current  circuits  is  equal  to  the  product  of 
volts  and  amperes.  (For  "power  in  other  alternating-current 
circuits"  see  index.)     Expressing  this  as  a  formula: 

P=IXE  P=  *  P=PXR 

and  also  _ 

E*  P 

R=  p~  Rss  71 

Wherein,   /  =  current  in  amperes,   £= voltage  or    electromotive 
force  in  volts,  R  =  resistance  in  ohms  and  P  —  the  power  in  watts. 

38.  In  applying  the  above  equations  be  careful  that  the  values 
of  current,  voltage,  and  resistance  used  in  any  one  problem  all 
apply  to  the  same  circuit  or  to  the  same  portion  of  a  circuit. 

Example. — How  many  watts  are  consumed  by  the  incandescent  lamp  in 
Fig.  17? 

Solution. — Substitute  in  the  formula: 

P  =  /X£=*Xiio  =  5S  watts. 

Example. — How  many  watts  are  taken  by  the  motor  of  Fig.  18?  How 
many  kw.?     How  many  h.p.? 

Solution. — Substitute  in  the  formula: 

P-/XE-70X 220  =»  15,400  watts. 

.  watts  15400  . 

kw.-«  —    — - —  -15.4ICW. 

1000  1000 

•  watts         15400  , , 

746  746 
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g.  ig.  what  a: 


h.p.-kw.XI-34=3°Xl.34-40.>ll.p. 

40.  An  alternating  current  is  one  that  reverses  in  direction  at 
regular  intervals.  In  Fig.  20A  ;i<  the  hydraulic  pump  operates, 
1  the  current  of  water  will  How  bai:k  and  forth  through  the  pipe. 
This  action  is  analogous  to  that  of  an  alternating  current  of  elec- 
tricity. With  Ihc  arrangement  of  Fig.  20B,  corresponding  to  a 
direct- current  circuit,  the  current  of  water  will  always  be  in  the 
rame  direction.  For  a  true  analogy  the  pump  of  Fig.  20B  should 
be  of  the  centrifugal  type  ho  ,iu>e  ivil  h  that  type  the  hydraulic 
nt.  With  the  reciprocating  pump  of  Fig.  20B 
e  (corresponding  to  the  voltage  of  an  electric 
circuit)  would  vary,  although  it  would  always  be  ill 
direction.     In  the  ordinary   direct- current  circuit  the  pressure  is 

I  41.  A  cycle  is  a  complete  set  of  values  through  which  an  alter- 
■ttag  current  repeatedly  passes.  See  Fig.  21.  The  expression 
I  "to  cycles  per  second  means  that  the  current  referred  Ui  makes,  to 
I  tomnlefe  cycles  in  .1  second.  It  therefore  requires  £5  sctwA  \> 
I  maplete  1  cycle.  See  Fig.  it.  With  a  25-cycle  current,  fo  w — 
"required  to  complete  1  cycle.     See  Fig    22 


pressure  1 
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4a.  -The  frequency  of  an  alternating  current  is  the  number  1 
cycles  completed  in  a  second,  A  frequency  of  60  cycles  (Fig.  ai 
is  common  for  lighting  and  power  installations  while  (Fig.  2; 
25  cycles  is  used  for  power  transmission.     When  used  for  lightlnj 


there  is  sometimes  a  flickering  of  incandescent  lamps  on  25  cydt 

Some  arc  lamps  do  not  operate  well  on  25  cycles.     Frequence 

much  lower  than  25  cycles  cannot  be  used  for  incandescent  lightini 

Some  of  the  older  stations  generate  at  13501 133  cycles  tmiijcidi 

»as  been  used  for  railway  work. 
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43.  The  word  "  phase,"  when  properly  used  in  alternating-cur- 
rent terminology,  refers  to  time.  When  two  alternating  currents  are 
in  phase  they  reach  their  corresponding  zero,  maximum  and 
intermediate  values  at  exactly  the  same  instants.  If  currents  01 
voltages  are  not  in  phase  they  reach  corresponding  values  at 
different  instants. 

A  three-phase  current  consists  of  three  different  alternating 
currents  out  of  phase  120  degrees  (which  are  really  time  degrees — 


Pig.  22. — Curve  of  a  25-cycle  alternating  current. 

each  degree  representing  a  certain  definite  amount  of  time)  with 
each  other.  A  two-phase  current  consists  of  two  different  alter- 
nating currents  out  of  phase  90  degrees  (which  represents  a  certain 
definite  amount  of  time)  with  each  other. 

Sometimes  each  of  the  three  wires  of  a  three-phase  circuit  is 
called  a  "phase  wire"  or  for  short  a  "phase."  Also,  any  pair  oi 
"wires  of  a  polyphase  circuit  across  which  the  normal  voltage  ol 
the  circuit  should  exist  is  sometimes  referred  to  as  a  "phase"  of 
the  circuit. 

44.  The  effective  value  of  an  alternating  current  is  that  value 
which  will  produce  the  same  heating  effect  as  will  the  same  inten- 
sity of  direct  current.  Measuring  instruments  indicate  effective 
values.  An  effective  alternating  current  of  10  amp.  will  produce 
the  same  heating  effect  as  10  amp.,  direct  current.  A  similai 
statement  is  true  for  any  other  values  of  alternating  and  direct 
currents.  Alternating  e.m.fs.  and  currents  are  constantly  changing 
in  value,  within  a  certain  range,  from  instant  to  instant  even  if  the 
load  is  constant.  It  is  not  practicable  to  deal  with  or  indicate  with 
instruments  these  constantly  changing  values.  Effective  values 
are  ordinarily  referred  to  when  speaking  of  alternating  currents. 
The  practical  man  deals  almost  exclusively  with  effective  values. 
See  Fig.  23.    Effective  values  are  sometimes  called  virtual  values. 

4«.  The  maximum  value  of  an  alternating  current  or  voltage 
is  the  greatest  value  that  it  attains.  This  is  an  instantaneous 
value.    See  Fig.  23. 

Effective  value  =  o.  707  X  maximum  va\\xe 


Maximum  value 


effective  value 
0.707 
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Example. — What  is  the  effective  voltage  of  a  circuit  that  has  a  maxima 
voltage  of  156?  . 

Solution. — Substitute  in  the  formula: 
Effective  value  «  0.707  X  maximum  value  =0.767X156=110  volts. 

Example. — If  a  voltmeter  on  an  alternating-current  circuit  reads  22OA 
what  is  the  maximum  instantaneous  voltage? 

Solution. — Substitute  in  the  formula: 

Maximum  value  -  5»««*=2!»H!  _  im  -  3II0  volts. 


0.707 


0.707 


— Maximum  **E 
I 
.t 

Pig.  23. — Alternating  electromotive-force  values. 


46.  The  instantaneous  value  of  an  alternating  current  c 
voltage  is  its  value  at  some  designated  instant  or,  in  other  word 
at  some  designated  point  in  its  cycle. 

47.  The  effect  of  resistance  in  alternating-current  circuits  i 
the  same  as  in  direct-current  circuits  and  Ohm's  law  is  used  i 
calculating  its  effect.  This  is  true  only  when  there  is  no  inductanc 
or  permittance  (capacity)  in  the  circuit.  « 

48.  The  power  loss  in  any  conductor  traversed  by  an  altei 
nating  current  or  a  direct  current  is 

P 


P  -  I*XR  or  I 


->«• 


or  R 


Voltmeter 
^.  Reads  220 

'.  C.  Generator^ 
Any  frequency 


I 
1 

I  Ohm 

\ 
\ 

_1 


Incandescent  Lamp 
98  Ohms  ~  - 


Current «  2.2  Amp, 


Pig.  24. — Resistance  in  an  alternating-current  circuit. 


Wherein  P  =  the  power  lost  in  the  conductor  in  watts,  /**currei 
in  amperes  in  the  conductor  and  R  = resistance  of  conductor  i 
ohms.  This  rule  is  perfectly  general  and  applies  to  all  duet 
current  circuits  and  all  alternating-current  circuits  of  ordinal 
voltages  and  frequencies.  The  watts  power  loss,  P,  reappeu 
as  heat  power  and  heats  the  conductors.  See  304  and  305  fc 
another  way  of  stating  this  law. 

Example. — What  is  the  power  loss  in  the  incandescent  lamp  in  Pig.  *A 
Solution. — Substitute  in  the  formula: 

P  -  I'X  R  =  (2.3  X  2.2)98  =  4.84  X  98  -  474  watt*. 
Example. — What  is  the  power  loss  in  tne  m&ucWve  Vvadkk%  of  Pig.  a 
"*£,?.  altemating  current  of  3  amp.? 
&olut*on.— Substitute  in  the  formula: 

-ff-  /*X  R  -  (3X3)7-9X1-  6*™»».     •■ 
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Iron  Core—> 

Current  -  3 Amp. 
Inductive  Windincf- 
R*7  Ohms 


49.  Inductance  in  alternating-current  circuits  has  very  ] 
nounced  effects.  When  an  alternating  current  flows  through 
inductance  a  counter  e.m.f.  is  generated.  This  counter  e.: 
opposes  the  e.m.f.  developed  by  the  generator,  with  the  re 
that  the  active  e.m.f.,  that  which  actually  forces  current  thro 
the  circuit,  is  less  than  the  impressed  e.m.f.  The  amount  tha 
is  less  depends  on  the  amount  of  induc- 
tance. The  subject  is  too  complicated  for 
a  full  discussion  here.  The  practical  man 
can  calculate  his  circuits  with  the  formulas 
found  in  this  book  without  a  thorough 
understanding  of  the  matter. 

50.  Impedance  is  the  name  given  to  that 

quantity  which  represents   the   combined  .  ' 

resisting  effect  of  actual  (ohmic)  resistance  sistancefnan2lte?nkVt 
and  of  the  inductive  resistance  (reactance),  current  circuit. 

If  impedance  in  ohms  is  multiplied  by  cur- 
rent in  amperes  the  resulting  value  will  be  the  impressed  e.m.f. 

51 .  Power  in  Alternating-current  Circuits. — Power  factor  is 
ratio  of  true  watts  to  apparent  watts  in  an  alternating-curr 
circuit.  It  is  the  number  by  which  the  apparent  power  must 
multiplied  to  obtain  the  real  power.  Power  factor  is  usuj 
expressed  in  a  per  cent,  and  cannot  be  greater  than  100  per  cen 


Reads  9350  Mrttsr-^KU  '<J  220/oftA.C.Motor^ 

Pig.  26. — Example  of  power  factor. 

For  Example. — In  Fig.  26,  which  shows  a  single-phase  circuit,  the  amme 

7,  reads  50  amp.  and  the  voltmeter,  E,  220  volts.     The  apparent  powe 

the  product  of  volts  and  amperes  or  IE  =  50  X  220  —  1 1000  watts.     But 

wattmeter,  P,  reads  9350  watts.     A  wattmeter  always  indicates  real 

true  power.     Therefore  the   power  factor    (for  a   single-phase   circuii 

»     .  true  watts  9350  „  a 

power  factor  = : — -  «  ■»  0.85  or  85  per  cent. 

apparent  watts       11000 

52.  The  power  factor  in  a  non-inductive  circuit,  one  contain 
resistance  only,  is  always  1,  or  100  per  cent.,  that  is,  the  produci 
volts  and  amperes  in  such  a  circuit  gives  true  power. 

53.  The  power  factor  in  a  circuit  containing  inductance 
capacity  may  be  anything  between  o  and  1  (o  and  100  per  cen 
depending  on  the  amount  of  inductance  or  capacity  in  the  circ 

54.  Effects  of  Low  Power  Factor  {General  Electric  Co.  pubh 

turn). — It  is  usually  considered  that  the  wattless  component  c 

current  at  low  power  factor  is  circulated  without  a.iv  mcxeas 

mechanical  input  over  that  necessary  for  actual  power  i«\\i\iwc 

This  is  inaccurate  because  internal  work  or  losses  due  to  \&\s 

&£?&*** pYdu?ed  and  must  be  supplied  by  me  prime 

^eaucecf.     Also  wattless  components  o\ 
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heat  the  line  conductors,  just  as  do  energy  components,  and  cause 
losses  in   them.    The  loss  in  any  conductor  is  always  (see  48) 

P=PR 
where  P  =  the  loss  in  watts,  I  =  the  current  in  amperes  in  the  con- 
ductor and  R  =  the  resistance  in  ohms.  However,  the  increase  in 
losses  in  the  generating  equipment  and  line  due  to  low  power  factor 
are  usually  relatively  small  and  it  can  be  said  that  very  little  more 
coal  is  burned  to  supply  energy  at  low  power  factor  than  at  high 
power  factor.  This  statement  is  made  with  the  assumption  that 
the  efficiency  of  the  prime  mover  at  different  loads  is  constant. 

55.  ^  Correction  of  Low  Power  Factor. — In  industrial  plants, 
excessively  low  power  factor  is  usually  due  to  underloaded  induction 
motors  because  the  power  factor  of  motors  is  much  less  at  partial 
loads  than  at  full-load.  Where  motors  are  underloaded  new 
motors  of  smaller  capacity  should  be  substituted.  (See  Induction 
Motors,  Index.)  Power  factor  can  be  corrected  by  installing 
synchronous  motors  (see  Index)  which,  when  overexcited,  have 
tne  property  of  neutralizing  the  wattless  or  induction  components 
of  currents  inherent  to  low  power  factor. 

56.  The  Cosine  of  the  Angle  of  Lag  is  Equal  to  the  Power 
Factor. — Cosines  for  different  angles  can  be  found  in  trigonometric 
tables  in  handbooks.  (See  10.)  The  symbol  <f>,  a  Greek  letter, 
pronounced  phi,  is  often  used  to  designate  the  angle  of  lag,  hence 
power  factor  is  sometimes  referred  to  as  "Cos  <f>"  (Cosine  phi). 
This  means  the  cosine  of  the  angle  <f>. 

57.  Typical  power  factors  of  various  kinds  of  central-station 
loads  as  given  by  F.  D.  Newbury  before  the  191 1  convention  of 
the  N.E.L.A.  are  given  below. 

Incandescent  Lighting  with  Small  Lowering  Transformers. 
— Power  factor,  0.90  to  0.95. 

Alternating-current  Inclosed-arc  Lamps  with  Constant- 
current  Transformers. — Power  factor,  from  0.60  to  0.75,  de- 
pending upon  whether  the  transformers  are  carrying  their  rated 
number  of  lamps.     Average  0.70. 

Direct-current  Metallic-arc  Lamps  with  Rectifiers.— 
Power  factor,  from  o .  55  to  o .  70,  depending  upon  whether  or  not  the 
rectifiers  are  carrying  their  rated  number  of  lamps.    Average  o .  65. 

Single-phase  Induction  Motors,  Squirrel-cage  Rotor.— 
A  h.p.  to  1  h.p.,  power  factor,  0.55  to  0.75,  average  0.68  at  rated 
load;  1  h.p.  to  10  h.p.,  power  factor,  0.75  to  0.86,  average  0.8a, 
at  rated  load. 

Polyphase  Induction  Motors,  Squirrel-cage  Rotor. — 1  h.p. 
to  10  h.p.,  power  factor,  0.75  to  0.91,  average  0.85  at  rated  load; 
10  h.p.  to  50  h.p.,  power  factor  0.85  to  0.92,  average  0.89,  at 
rated  load. 

Polyphase  Induction  Motors,  Phase- wound  Rotors. — 5  h.p- 
to  20  h.p.,  power  factor,  0.80  to  0.89,  average  0.86  at  rated  loacL.; 
*  Ap.  to  100  h.p.f  power  factor,  0.82  to  0.90,  werag$  o&i  •* 
*ed  load. 

vnucnoN  Motor  Loads  in  General,.— Powx  foctot,  fee 
■7°  d'85'    dGPen<&*&   on   whether  motovs  axe  caxrjv&fc  \x 
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Rotary  Converters,  Compound  Wound. — Power  factor  a 
full-load  can  be  adjusted  .to  practically  ioo  per  cent.  At  ligh 
loads  it  will  be  lagging,  and  at  overloads  slightly  leading. 

Rotary  Converters,  Shunt  Wound. — The  power  factor  can  b 
adjusted  to  any  desired  value,  and  will  be  fairly  constant  at  al 
loads  with  the  same  field  rheostat  adjustment.  Rotary  converters 
however,  should  not  be  operated  below  0.95  power  factor  leadinj 
or  lagging  at  full-load  or  overload. 

Small  Heating  Apparatus. — This  load  has  the  same  character 
istics  as  an  incandescent-lighting  load.    The  power  factor  of  th< 
load  unit  is  practically  unity,  but  the  distributing  transformers  wil 
lower  it  to  some  extent. 
Arc  Furnaces. — Power  factor,  0.80  to  0.90. 
Induction  Furnaces. — Power  factor,  0.60  to  0.70. 
Electric- welding  Transformers. — Power  factor,  0.50  to  0.70 
Synchronous  Motors. — Adjustment  between  practically  zer< 
power  factor  leading  to  zero  power  factor  lagging. 

The  author  made  the  following  general  statements  regarding 
probable  power  factors:  (1)  Operating  power  factors  above  0.9^ 
will  be  obtained  only  when  practically  all  of  the  load  is  synchronoui 
motors  or  converters  which  may  be  operated  at  practically  unit} 
power  factor.  Even  with  this  character  of  load  the  generator: 
should  be  capable  of  operating  satisfactorily  at  0.93  power  factoi 
to  provide  for  unforeseen  contingencies.  (2)  Power  factors  of  0.9c 
to  0.95  can  be  safely  predicted  only  when  the  load  is  entirely  incan 
descent  lighting  or  heating,  or  if  a  large  non-inductive  load,  such  a: 
synchronous  motors  or  converters,  is  used  with  a  smaller  proportioi 
of  inductive  motor  load.  (3)  For  the  average  central-station  load 
consisting  of  lighting  and  motor  service,  a  power  factor  of  0.8c 
should  be  assumed.  (4)  A  power  factor  of  0.70  should  be  assumec 
for  a  plant  having  a  large  proportion  of  induction  motors,  an 
lighting,  electric  furnaces  or  electric  welding  load. 

58.    Kilowatts  and  Kilovolt-amperes   (General   Electric  Com 

pany). — The  term  kilowatt  (kw.)  indicates  the  measure  of  powei 

which  is  all  available  for  work.    Kilovolt-amperes  (kva.)  indicat< 

the  measure  of  apparent  electrical  power  made  up.  of  two  compo 

nents,  an  energy  component  and  a  wattless  or  induction  component 

Kw.  indicates  real  power  and  kva.  apparent  power.    They  an 

identical  only  when  current  and  voltage  are  in  phase,  that  is,  wher 

the  power  factor  is  I.    Ammeters  and  voltmeters  indicate  tota 

effective  current  and  voltage  regardless  of  the  power  factor,  while 

a  wattmeter  indicates  the  effective  product  of  the  instantaneous 

values  of  electromotive  force  and  current.    A  wattmeter,  then 

indicates  real  power. 

Standard  guarantees  on  alternating-current  generators  are  made 

on  the  basis  of  loads  at  100  per  cent,  power  factor,  because  this 

has  seemed  to  be  the  best  method,  but  it  must  notY>£  °\ntaere&.Vta&. 

pven  generator  will  deliver  its  rated  power  output  aX  a&  ^orc 

fetors.    The  generator  rating  in  k w.  will  be  re&uceA  m  ^to^stf 

to  tte power  factor  and  probably  in  a  greater  ratio  M  tk*  V 

foJZtZEZJ??'    In  S,eneraI>  a  generator  vnU  caxrv  *  V*Jv 
">e  extent  of  its  normal  kw.  rating  if  the  po^er  iacXox  oi  <* 
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is  not  below  80  per  cent.  The  actual  power  output,  however, 
must  be  reduced  in  proportion  to  the  power  factor.  The  method 
of  rating  alternating-current  generators  by  kva.  instead  of  by  kw. 
is  now  in  general  use. 

In  discussing  an  alternating-current  load,  it  is  well  to  state  it  in 
terms  of  kw.,  power  factor  and  kva.  thus:  200  kw.,  80  per  cent 
power  factor  (250  kva.).  This  shows  that  the  current  in  the 
circuit  corresponds  to  250  kva.  and  heats  the  generator  and  con- 
ductors to  that  extent,  but  that  only  200  kw.  is  available  for  doing 
work. 

59.    For  a  single -phase  circuit  the  relations  between  kilowatts 

and  kilovolt -amperes  are : 

.  .,       ,.                       voltsXamperes  ,  EXl 

kilo  volt-amperes  =  - 


1000 


kw.  =  kva.  X  power  factor 


or  kva. 
kva.  = 


1000 
kw. 


power  factor  = 
For  an  example  see  Pig.  27. 


kw. 
kva. 


power  factor 


AC  Generator.  Voltmeter  Reads  320 


_    VolhXAmp. 

nVn»  —  IQQQ 

_    220XjgO__2ZOOO_ppi<s/A 
""      1000      "    /OOO    —ezn™- 
KW.  =  18 

Power  Factor  =  j>j>  —  82.  % 
££=Cos.$S°=Ang/eofLag 
Computations 


Induction  Motor 


Ammeter  Reads     Wattmeter  Reads 
lOOAmfx  18 KW. 

Circuit  Diagram 


I8KW. H 

Vector  Oiagram 

Fig.  27. — Illustrating  the  distinction  between  kw.  and  kva. 


4^) 

WW 


l/ne, 


Single  Phase 
Generator 


V 


^ 


lamp  Load    -  » 
fbmr  factor =95% 


Reads  40 Amp.        Reads  I/O  16/  ts 
Fig.  28. — A  power  factor  problem. 


59A.  For  a  single-phase  circuit  the  following  equations  show 
the  relations  between  power,  current,  voltage  and  power  factor. 

Wherein,  7=  current  in  amperes,  P—  power  in  watts,  £=  pressure 
ln  volts  between  lines  and  p.f.  =  power  factor. 

Samples. — Figs.  27  and  28  show  examples  of  the  application  ol  t\x*  aWr% 
t/ons.     The  product  of  volts  and  amperes  (Rl)  Is  caUeo.  vo\\.-ampere&\ 
^ore  paragraph. 


To  find  amperes  in  the  line  in  single-phase  circuits  (We si 
house  Diary)  multiply  the  power  in  !;iW;in>  by  the  value 
|   proper  voltage  and  power  factor,  shown  in  table  61. 

61.  Amperes  pet  Phase  per  Kilowatt,  Single-phase  Circuits 


„•,„ 

Voltj 

i.B-1    j».p.r..m.  |  I. 

„CeD, 

,0  parent- 

is 

lis 

11 

11.36 

o.sas 

is.  OS 

6.49 

t'A 

i.ies 
0.649 

!:!£ 

!:JS 

..SO. 

6a.  A  two-phase  current  consists  of  two  cur 
phase  by  90°.  Sec  curves  of  Fig.  20.  If  tw> 
arranged  on  an  armature  (Fig.  29)  so  that  the  e. 


~l^~l^\~ 

-     _± 

::::±3 

Armotur*  Conductors 

Fia.  jo.— Diai 


<f      SO"      «0l    OT" 


two-phas 


n  value  90°  later  than  that  in  the  other,  the  e. 
will  force  two-phase  current-  llinnich  an  internal  circuit.  Instead 
of  being  on  the  same  armature  each  of  Ihe  sets  of  coils  might  be 
on  different  armatures  which  are  su  mechanically  connected  to- 
gether as  to  preserve  the  00"'  phase  relation.  (See  section  on 
"Motors  and  Generator!?"  for  informal  ion  nn  practical  machines.) 
63.  Application  of  the  Two-phase  System. — Several  years  ago 
certain  engineers  advocated  two-phase  generators  and  distribut- 
ing systems  in  preference  10  three-phase,  as  it  was  \ieWje&  ftuA. 
unbalanced  loud  on  ihe  phases  would  have  \csa  a.dvw?a  eftssS.  on 
tie  performance  0/  (he  two-phase  equipment.     RecwA  es.'pwieW 
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seems  to  indicate  that  the  three-phase  system  is  preferable  to  the 
two-phase  for  both  transmission  and  distribution.  It  is  seldom 
that  two-phase  equipment  is  now  purchased  except  for  additions 
to  existing  two-phase  installations.  See  Par.  243  for  relative 
weights  of  copper  for  different  systems. 

64.  To  find  amperes  per  phase  in  two-phase  circuits  (Wesling- 
hovse  Diary)  multiply  the  load  in  kw.  by  the  value  in  the  follow- 
ing table  corresponding  to  the  proper  power  factor  and  voltage. 

65.  Amperes  per  Phase  per  Kilowatt,  Two-phase  Circuits 


Volts 

Power  factor 

100  per  cent. 

so  per  cent. 

80  per  cent. 

70 -percent. 

Is 

0.4S4 

*:ll 

5. 67 
J.B3 
oisoj 
O.JSJ 

6.48 

n\ 

0.64s 
o.M4 

66.  A  three-phase  current  consists  of  three  alternating  currents 
that  differ  in  phase  by- 120%  as  indicated  in  Fig.  30.  If  three  coils 
be  arranged  120°  apart  on  an  armature  (Fig.  30)  rotated  in  a  mag- 


netic field  and  connected  (through  collector  rings  not  shown)  eac. 
to  an  external  circuit,  an  alternating  e.m.f.  will  bcimpressed  by  ea-^1 
coil  on  its  external  circuit.  The  e.m.f s.  will  differ  in  phase  by  x*° 
and  therefore  will  constitute  a  three-phase  e.m.f.  The  curret*.* 
in  the  circuits  will  constitute  a  three-phase  current.  Three  sing** 
phase  generators,  if  mechanically  coupled  together  so  as  to  naai^ 
tain  a  iao°  phase  relation,  would  produce  a  three-phase  e.»*-: 
Practical  three-phase  generators  usually  have  more  than  two  po** 
and  consequently  have  more  coils  than  indicated  in  Fig.  30.  Mo*1 
em  alternating-current  generators  have  revolving  fields  and  static*" 

66A.  Coil  Connections. — Fig.  31  shows  four  methods  of  conned 
ing  three-phase  generator  (or  other  apparatus)  coils  and  the  extern? 
circuits  for  each.  Method  I,  although  it  would  work,  is  seldom ■  ' 
ever  used  for  economic  reasons  hereinafter  given.  It  shows  t*J 
leinentary  three-phase  circuit  and  illustrates  tne  venule.  ^* 
the  three-ph&sea  would  carry  a  current  diaejrin^ux'Vj'nMft^  1 
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I:, 
l  the  currents  in  the  other  two.  One  common  return,  as  shown 
I  can  be  substituted  for  the  three  return  wires  of  /.  Now  with 
lanced  load,  i.e.,  one  loading  each  of  the  phases  equally,  thi 
mill  wire  would  carry  no  current,  hence  it  is  usually  omitted  (st 
Y-connection  of  III).     In  IV  is  shown  the  delta  connection. 

67.  The  voltage  and  current  relations  in  a  star  or  Y -connected 
three-phase  circuit  arc  indicated  in  Fig.  32.  Although' the  armature 
coils  of  the  generator  are  said  to  be  120°  apart,  when  they  are 
V-connected  as  shown  in  I,  the  cm. Is.  in  any  two  are  6o°  apart  and 


uha-c 


the  phase  diagram  II.  The 
is  then  equal  to  V3  or  1.73 
coil.     The  EolluwinK  intniuti?. 

current  in  0*  ISofiL.    VK\ 
ssumed.)     See¥\?,.  a». 
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£=£1X^=^1X1.73 
E        E 


V3 
Ei=e 


i.73 


= E  X  o. 5  7  7  or  approximately  Ei  =  0.58E 


Wherein  7=amp.  per  phase  in  the  line,  *  =  amp.  per  phase  in  each 
coil,  E  =  volts  between  phase  wires  on  the  line,  e  =  volts  across  each 
group  of  ai  mature  coils- connected  across  each  phase,  £1= volts 
between  phase  wires  and  neutral.  The  coils  in  Fig.  32  III  may 
represent  the  phase  windings  of  a  three-phase  generator  or  trans- 

fncandescenf 
~2'  Lamps 


!§ ! 

^\IIOVol+sx 

'J      • 
I        I       I 

j|      \  HOVolts 


.    IIOMblts. 


Pig.  33. — Y-connected  incandescent  lamps. 

former,  or  each  coil  may  represent  a  transformer  or  other  device 
three  of  which  are  Y-connected  on  a  three-phase  line. 

Example. — What  will  be  the  voltage  across  each  of  the  incandescen 
lamps,  which  are  Y-connected  across  a  no-volt,  three-phase  circuit,  ii 
Fig.  33? 

Solution, — Substitute  in  the  formula: 

Ei  -  0.58E  -  0.58  X  no  =  63.8  volts. 

68.  Relations  for  a  delta  (A)  connected,  three-phase  drcui 
are  shown  in  Fig.  34.  When  armature  coils  of  a  generator,  see  J,  an 
connected  as  indicated,  the  voltages  generated  in  them  are  120' 


,^~.  Phase  Diagram 

'/VS/A         (Effective  EJ*.  Ffc.) 
Generator  Connections 


m.  Circuit  Diagram 
Fig,  34. — Properties  of  &  J  (delta)-connected,  three-phase  circuit. 

D&rt\    I*  would  appear  that  the  current  m\g\it  foyw  tttoroaA  taccroq 

f  colJf  and  not  into  the  external  tirc\ttt,b\it\t\setoj^\TO^ 

W??? rum>  If>  tilat  the  sum  of  tne  effective  voW»  waaraa 

of  the  coils  is  equal  and  opposite  to  t\iatol  VkftttftiA.   13 
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stead  of  tending  to  force  current  around  internally,  the  voltages 
nd  to  force  current  out  into  the  line.  The  following  formulas 
dicate  the  relations  of  the  voltages  and  currents.  (All  ate 
ective  values  and  the  circuit  is  assumed  to  be  balanced.)  See 
*  34-         . 

7  =  /XVj=iXi.73 


Ei  —  ~7~-=eX.o.$W  or  approximately  Ei=cXo.S$ 

lerein  the  symbols  have  the  same  meanings  as  in  the  preceding 

-agraph. 

iach  coil  (Fig.  34)  may  represent  the  phase  windings  of  a  three- 

ise    transformer  or  generator  or  each   coil   may   represent   a 

nsformer  or  other  device  three  of  which  are  A-connected  on  a 

ee-phase  line. 

xample. — Each  of  the  groups  of  incandescent  lumps,  delta-connected 

)39  the  1 ro-volt.  three-phase  circuit  of  Fig.  as,  takei  10  amp.    What  it 


Fig.  35— Delta  U)- 

jJuHon. — Substitute  in  the  formula: 

JafXl.73-ioXi.73- 17-3  ampL 
•g.     Relations  of  voltage,  current  and  power  that  apply  to  any 
ee-wire  three-phase  circuit  either  J-  or  Y -connected. — Refer 
Fig.  36  for  a  key  to  the  letters  that  appear  in  the  following 

•■or  a  non-inductive  load: 

ExVs  E  E 

j-  -  zxixV3-x.73xexi 
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For  an  inductive  load: 

P  =    0.577XP 

.73XIXE  IXE 

P =  o.S77Xi' 

73X7  p.f.XI 


p.f. 


p —  or  approximately   = 


P-fx 


r  approximately  — 


0.577 


■,XP  .  <- 

-\tw  or  approximately  =-    ■ 


PJ.X1.73XE         p.f.XE 
P  -   1.71XEXIXPJ. 
Wherein  /=  line  current  in  amperes,  i*athe  power   tran< 
in  watts,  £=  voltage  across  lines  and  p ./.  is  the  power  factoi 


Example.— What  ia  the  power  factor  in  the 
Solution. — Substitute  in  the  formula: 


\  173  Amp. 

50&/f-/OOHtelf         ThntFullylcadedlOKVA, 
'    andtsctnt  Lumps   Trans  hrmtrSjYConntc^d 


r»iil"'b<:'i.7J  t' 
ia  of  the  three 
loltage  and  the  1! 


3 

"tt 

W   rd«ti 

na   with   three 

PhBM 

i 

for 
8h 

etc.    Note  th»t 
vice  has  lino  v 

:<:■  t!i,:  ,:Bmnt 
When  Y-conn 

when 
eted, 

EC 

ad 

or  -^-ot 

0.577  times  th 

line- 

70.  To  find  amperes  per  phase  In  three-phase  circuits  multiply 
the  load  in  kw.  by  the  value  in  tabic  71  corrcspiinding  to  the  proper 
r  factor  and  voltage. 
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71.    Amperes  per  Kilowatt  in  Each  Leg  of  a  Bali 
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It,  Methods  of  determining  the  power  factor  of  circui 
described  in  the  division  of  this  section  subjected  "Measurei 
Testing  and  Instruments." 

73-  Skin  Effect — When  an  alternating  cameo*.  fto"*^  * 
*  conductor  there  is  an  inductive  action,  Whereby  \!b*  ot 
«<?  conductor  is  forced  toward  its  surface.  TAve  cutterA  6 
!"&terat  toe  surface  tiian  at  the  center  and  u»4er  csrta 
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i-phase  Line     (Power,  Nov.  ai,  igii) 

F- 

Power 
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there  may  be  practically  no  current  Hawing  along  the  axis 
ie  conductor.     Although  skin  ciTect  and  sett  mdwcViotv  WCo 
late  itom   (Ae  same  magnetic   field  they  axe,  not  (AYierwis 
d.     Since  it  increases   volume   drop   and  energy  \°9ai  * 
amounts  to  an  increase  in  resistance  and  is  so  wmsiAsn 
Jowmg  table  gives   values   by  which   actua\  «to^« 
ffli"£  6e  multiplied  to  obtain  their  viv.Uwl  t«vsv 

34         AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect 


to  alternating  currents.  Non-conducting  cores  are  sometio 
placed  in  the  centers  of  large  cables  for  alternating  currents  so  th 
all  of  the  metal  will  be  worked  at  the  best  possible  efficiency.  S 
Table  182  for  such  conductors. 

74.  Skin  effect  in  conductors  of  magnetic  materials  is  mu 
greater  than  in  those  of  non-magnetic  materials  due  to  the  strong 
magnetic  field  that  a  given  current  will  set  up  in  a  magnetic  met 
See  the  tables  in  the  Standard  Handbook, 

75.  Skin  effect  in  stranded  conductors  is,  for  all  practical  pi 
poses,  equal  to  that  in  solid  conductors  of  equal  diameters.  Tal 
76  gives  values  for  solid  conductors. 

76.  Skin  Effect  Factors  For  Copper  Wire. — Values  by  wM 
the  real  (ohmic)  resistance  of  solid,  round,  copper  conduct! 
must  be  multiplied  to  obtain  their  virtual  resistance  to  alternati 
currents  of  commercial  frequencies. 


Frequency 

Factors  for  different  copper  wire  sizes  (B.  &  S.  Gage) 

and  diameters 

4 

3 

2 

I 

0 

00 

000 

OOfl 

25  cycles. . 

60  cycles.. 

130  cycles. . 

1. 000 
1. 000 
1. 000 

1. 000 

1. 000 

1. 001 

1. 000 
1. 000 
1.002 

1. 000 
1. 000 
1.005 

1. 000 

I. OOI 

1.008 

I.  000 
1.002 
1. 010 

1. 000 

1. 005 
1. 017 

I.p 

1.0 
1.0 

Frequency 

Factors  for  different  copper  wire  sizes  (B.  &  S.  Gage) 
and  diameters. — Continued 

\" 

*" 

i" 

it"    |    li" 

li" 

If" 

i" 

25  cycles.. 

60  cycles.. 

130  cycles.. 

1.002 
1.008 
1.039 

1.007 
1.040 
1. 156 

1.020 
1. in 
1.397 

1.035 
1. 168 

1.545 

1.053 
1.239 
1.694 

1.098 
1.420 

1.983 

1. 170 
1.622 
2.272 

1. a 
1.8 
a. 5 

Example. — A'  No.  000  wire   1,000  ft.  long  has  an  actual  resistance 
0.0489  ohms.     Its  resistance  to  a  130-cycle  alternating  current  would  ' 
0.0489X1.017=0.0497  ohms. 

77.  Self  induction  is  the  phenomena  whereby  an  e.m.f. 
induced  in  a  conductor  by  a  change  of  current  in  the  conduct 
itself.  Such  an  e.m.f.  always  produces  currents  and  magne 
fields  in  such  a  direction  that  they  tend  to  oppose  the  indud 
currents  and  fields. 

78.  Work  is  the  overcoming  of  mechanical  resistance  throuj 
a  certain  distance.  Work  is  measured  by  the  product  of  t 
mechanical  resistance  times  the  space  through  which  it  is  overcon 
Work  is  measured  by  the  product  of  the  moving  force  times  t 
distance  through  which  the  force  acts  in  overcC^SMLthe  resistant 
Work  is,  therefore,  measured  in  foot-pounds  icf  • 1S^ 

Example. — What  work  is  done  if  a  weight  of  6  '  -^ad  through  a  d 

tance  of  8  ft.? 

Solution.— Work  -  ft.  X  lb.  -  8  X  6  -  48  ft -lb. 
Example. — If  20  gal.  of  water  are  pumj 
what  work  has  been  done? 
Se/uWon. — A  gallon  of  water  weighs  8  lbjtiKftot* 

Work  -ft.  Xlt>.  -  33  X  (aojflffffov*  W&* 


»  vertical  height  of  3a 
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It — If  to*  gmUiu   m  a  iuas  agin*  bivrii.  dazing  •  ccrtsis 
"-  —id  the  tool  iwr—n  on  ike  piston  a  40.000  lb.,  what  work 

fcort-ftxltx-r  SX40. 000-60.000  flJb. 
_y  is  capacity  for  dang  work.  Any  body  or  medium 
if  itsefi  capable  of  doing  wort  is  said  lo  possess  energy. 
Jock  spring  possesses  energy  because,  in  unwinding,  it  can 
A  moving  projectile  possesses  energy  because  it  can 
e  die  resistance  offered  by  the  air,  by  armor  plate,  etc., 
i  do  wott.  A  charged  storage  battery  possesses  energy 
It  can  fnrntsh  electricity  to  operate  a  motor.     Energy  can 


Energy  at  one  sort  may  be  transformed  into  energy  of  another 
leat  energy  in  coal  may  be  transformed  (with  a  certain 
th  a  boiler,  a  steam  engine  and  a  generator,  into  electrical 

The  energy  possessed  by  a  stream  of  falling  water  may  be 
med,   with   a   waterwheel   and   generator,   into   electrical 

There  is  a  definite  numerical  relation  between  different 
energy.  Thus  1  B.T.U.,  the  unit  of  heat  energy  =  j;3  ft-ib. 
rical  units,  energy  is  expressed  in  watt-hours  or  kilowalt- 

k  kilowatt -hour  represents  the  energy  expended  if  work  is 
■  one  hour  at  the  rate  of  t  kw, 

K  horse-power-hour  represents  the  energy  expended  if 
lone  for  one  hour  at  the  rate  of  1  h.p. 

Power  is  rate  of  doing  work.     The  ".    ■     ' .\ , 

fork  is  done  the  greater  the  power 
1  be  required  to  do  it.  For  example, 
i.p.  motor  can  raise  a  loaded  elevator  , 
1  minutes  a  ao-h.p. 


1  minute. 
The  horse-power  is  the  unit  of  power 
bout  equal  to  the  power  of  a  strong 
o  do  work  for  a  short  interval. 
[illy  a  horse-power  is  33,000  ft-lb. 
ute,  —  ;so  ft-lb.  per  second,  =  r  ,980,- 
).  per  hour.  Expressedasaformula: 
LXW        foot-pounds  per  minute 


in  pounds  of  the  force 
ad  i  is  the  time  in  minutes  required 
e  the  weight  W  through 
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Example. — What  average  horse-power  is  required  while  moving  the  bos 
loaded  with  stone,  in  Fig.  41,  from  A  to  B,  650  it.,  in  3  minutes?  It  takes  a 
hdrizontal  pull  of  150  lb.  to  move  the  box. 

Solution. — Substitute  in  the  formula: 

.  LXW  650X150  a, 

n.p.  «= —   ™ -—  ™  0.90  n.p. 

33.000  Xt         33.000X3 

85.  Electric  power  is  expressed  numerically  in  watts  or  k 
kilowatts.    A  kilowatt  is  1,000  watts.    The  watt  represents  the 

amount  of  power  in  a  or- 

...wff.  rrtBThi,    _       cuit  when  the  current  in 

muaf****]  ,Ty*"  **  circuit  is  *  amP-  "* 

^^^^ar^^J^c.Jii,„.»uiiL«.,  the  electromotive  force  is  1 


-    **nr*  ■       —I   ~      ^^   volt- 

650  Ft  *  86     Effldency    fs   the 

Pig.  41.— Moving  loaded  box.  name  &ye*  to  the  fflfo  if 

output  to  input.  No  ma- 
chine gives  out  as  much  energy  or  power  as  is  put  into  it.  That 
are  some  losses  in  even  the  most  perfectly  constructed  machines. 
Efficiency  is  usually  expressed  as  a  percentage,  thus,  "the  efficiency 
of  a  certain  motor  is  80  per  cent."  This  means  that  only  80  per 
cent,  of  the  energy  or  power  received  by  the  motor  as  electricity  a 
delivered  by  the  motor  at  the  pulley.  Another  way  of  stating  the 
definition  is: 

~  .  output 

efficiency  =  - — - — 
input 


It  follows  that 


output 
input   =  -  ■    r 


efficiency 

and,  output = input  X  efficiency. 

When  using  the  formulas,  output  and  input  must  be  expressed  in  the 
same  units. 

87.  Output  is  the  useful  energy  delivered  by  a  machine  and 
input  is  the  energy  supplied  to  a  machine. 

Example.— -If  45  kw.  is  supplied  to  a  motor  and  its  output  is  found  to  be 
54.2  h.p.,  what  is  its  efficiency? 

Solution. — Since  1  h.p.  =  0.746  kw.,  54.2  h.p.  —  54.2X0.75  =  40.6  kw. 
Then  substituting  in  the  formula 

_  .  output       40.6  _  . 

efficiency  =  -: — =-—  »»  - =■  0.90  =»  90  per  cent,  efficiency. 

input  45 

88.  Torque  is  the  measure  of  the  tendency  of  a  body 
to  rotate.  It  is  the  measure  of  a  turning  or  twisting  effort 
and  it  is  usually  expressed  in  pounds-foot  or  in  pounds  force 
at  a  given  radius.  Torque  may  exist  even  if  there  be  no 
motion.  Thus,  in  Fig.  42,  the  torque  at  the  circumference  of 
the  drum  is  50  lb.  so  long  as  the  weight  is  supported,  whether 
the  drum  be  moving  or  standing  still.  It  is  assumed  that  the 
hoisting  rope  has  no  weight.  Torque  is  sometimes  expressed  as 
the  product  of  the  force  introducing  the  tendency  to  rotate  times 
the  distance  from  the  center  of  rotation  to  the  poinX.  oi  a.p\Aka.\!vtfCL 

of  the  force.     For  instance,  in  Fig.  43  the  torque  ten&iifc  to  l>sm^ 
-tinder  in  the  brick  wall  would  be  100  X 1 2  =  1 ,200  Wit*    Qsl  loafc 

'-books  this  would,  inaccurately,  be  expressed  as  \,w©  ttPfo. 

zyJinder  cannot  turn  and  no  work  could  be  done,  yeXAbs** 


CVi 
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torque.  Probably  the  most  preferable  way  of  expressing  the  tor « 
is  in  terms  of  pressure  (or  force)  and  radius.  Thus:  "  100  lb.  foi 
at  12  ft.  radius."  Ordinarily  the  expression  is  given  for  unit  or  i- 
radius.  Then,  for  the  case  of  Fig.  43,  the  torque  would  be  1,2 
lb.  at  1  ft.  radius.  Because  of  the  fact  that  many  writers  a: 
engineers  erroneously  express  units  of  both  work  and  torque 
foot-pounds,  a  confusion  sometimes  exists  regarding  the  distincti 
i,j  between  the  two.     Work  (see  7 

is  properly  expressed  in  fo> 
pounds  (rt-lb.),  while  torq 
should  be  expressed  in  pounds-  f  < 
(lb-ft.),  or  preferably,  in  poun 
at  a  given  radius. 


Fig.  4 

1. — Eiimple  of  work  Bnd  of  torque.     Fig.  43. — An  eiample  of  torqi 
ig.     Centigrade  and  Fahrenheit  Thermometer  Scales 
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MEASURING,  TESTING  AND  INSTRUMENTS 
go.  Electricians  often  test  circuits  for  the  presence  of  rolttgt 
by  touching  the  conductors  with  the  fingers.  This  method  is  safe  . 
where  the  voltage  does  not  exceed  250  and  is  often  very  convenient 
for  locating  a  blown-out  fuse  or  for  ascertaining  whether  or  not  1 
circuit  is  alive.  Some  men  can  endure  the  electric  shock  that  result) 
without  discomfort  whereas  others  cannot.  Therefore,  the  method 
is  not  Feasible  in  some  cases.  Which  are  the  outside  wires  and  which 
is  the  neutral  wire  of  a  110-220  volt,  three-wire  system  can  be 
determined  in  this  way  by  noting  the  intensity  of  the  shock  that 
results  by  touching  different  pairs  of  wires  with  the  fingers.  Use 
the  method  with  caution  ana  be  certain  that  the  voltage  of  the 
circuit  does  not  exceed  250  before  touching  the  conductors.  (Thii 
and  the  several  paragraphs  that  follow  are  taken  from  Electrical 
Engineering.) 

qi-  The  presence  of  low  voltages  can  be  determined  bj 
"tasting."  The  method  is  feasible  only  where  the  pressure  is  but 
a  few  volts  and  hence  is  used  only  in  bell  and  signal  work.  Where 
the  voltage  is  very  low,  the  bared  ends  of  the  conductors  constituting 
the  two  sides  of  the  circuit  are  held  a  short  distance  apart  on  the 
tongue.  If  voltage  is  present  a  peculiar  mildly  burning  sensation 
results  which  will  never  be  forgotten  after  one  has  experienced  it 
The  "taste"  is  due  to  the  electrolytic  decomposition  of  the  liquids 
on  the  tongue  which  produces  a  salt  having  a  taste.  With  relatively 
high  voltages,  possibly  4  or  5  volts,  due  to  as  many  cells  of  battery, 


fT\ 


»8S*^Ok  a  Ok 


F[G.  44. — Circuits  of  testing  magneto. 

it  is  best  to  first  test  for  the  presence  of  voltage  by  holding  one  of 
the  bared  conductors  in  the  hand  and  touching  the  other  to  the 
tongue.  Where  a  terminal  of  the  battery  is  grounded,  often  a 
taste  can  be  detected  by  standing  on  moist  ground  and  touching  a 
conductor  from  the  other  battery  terminal  to  the  tongue.  Care 
TiouJd  be  exercised  to  prevent  the  two  conductor  ends  from  touch- 
T  each  other  at  the  tongue,  for  if  they  do  a  spaxk.  can.  xtavta.  'iiaS. 


M'MtWIT-'.XTAl.S 


I 

The  magneto  test  set  is  one  of  the  most  valuable  testing 
ments  to  the  practical  man  because  of  its  simplicity  and  the 
tat  it  is  always  ready  for  service.  Fig.  44  shows  the  circuit 
ig.  45  a  perspective  view  of  a  testing  magneto.  The  appara- 
nsists  of  a  small  ha  ml -operated  alternating-current  generator 
es  with  a  polarized  electric  bell.  Alternating  current  will 
ells  of  this  type.  If  the  external  circuit  connected  to  the 
mis  of  the  magneto  is  closed 
ie  crank  of  the  generator  is 
1,  current  will  flow  and  the 

resistance  through  which 
;tos  will  ring  is  determined 
eir  design.  An  ordinary 
ito  will  ring  through  possi- 
,000  to  40,000  ohms.  Elec- 
:ic  capacity  effects  must  be 
ered  when  testing  with  a 
:to.  When  testing  long  cir- 
such  as  telephone  lines  or 
3  that  are  carried  in  cable 
considerable  distance,  the 
the  magneto  may  ring,  due 
acity,  apparently  indicating 
.-circuit,  whereas  the  circuit 
>e  perfectly  clear  or  open. 

t.s  apodal  I'd  with  iron,  such  as  ticlrl  iiiils  of  generators,  may 
considerable  inductance.  With  highly  inductive  circuits 
test,  the  magneto  may  "ring  open";  that  is,  the  bell  may 
ig  at  all,  even  though  the  inductive  circuit  connected  to  it  be 
ly  closed.  In  ordinary  wiring  work  the  effects  of  capacity 
ductance  are  usually  negligible  and  the  true  condition  of  the 
will  be  indicated  by  the  performance  of  the  magneto  bell. 
93.  A  telephone  receiver 
in  combination  with  one  or 
two  dry  cells  constitutes  an 
excellent  equipment  for  cer- 
tain tests.  A  "head"  tele- 
phone receiver  (Fig.  46)  is 
usually  preferable  to  those  of 
the  watch-case  types,  because 
it  is  held  on  the  head  by  the 
metal  strap,  allowing  the  un- 
restricted use  of  both  hands. 
Metal  testing  clips— suspender 
c  soldered  to  the  flexible  testing  cords.  The  tele- 
;  extremely  sensitive  and  will  give  a  weak  "click" 
t  the  current  to  it  passes  through  an  exceedingly  hijdi 
Ig  using,  one  clip  is  griped  on  ou.e  ctm&w\»T  *&&* 
a  be  tested  and  the  other  clip  is  tapped  a.v,a.m«.  &c  ofiww 
'  11  ?*o!'"!Eed  connection  should  be  &vo\de&\M.ea.\V5fc\V ''«'*■ 
We  battery.     A  vigorous  click  ot  ^««ft«WwvoS»K»Ma 


is  open,  but  will  a. 
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a  closed  circuit,  while  a  weak  click  or  none  at  all,  indicates  an  o| 
circuit.  After  prai  lice  il  is  possible  to  determine  approjimatel 
resistance  of  the  circuit  under  test  by  the  intensity  of  the  rei 
click.  When  the  battery  and  receiver  test  set  are  connected  lo 
circuit  having  some  electrostatic  capacity,  (he  receiver  will  give 
vigorous  click  when  the  clips  are  first  touched  to  the  ■ 
nals,  even  though  the  circuit  be  open.  With  si 
the  click  will  diminish  in  intensity  if  the  circ  "" 
diminish  appreciably  il"  the  circuit  is  rinsed. 

94.  The  advantages  of  the  telephone  t 
neto  for  work  of  certain  classes  are:  (1)  The  ret 

outfit  costs  little.     {2)  The  outfit  can  be  made  sc 

can  be  carried  in  the  pocket.  (3)  In  making  insulation  tests  with 
magneto  the  circuit  may  "ring  clear";  that  is,  the  bell  will  not  rin 
apparently  indicating  high  insulation  resislance.  whereas  the  dm 
may  not  be  clear,  but  instead  the  magneto  may  be  out  of  order  I 
or  its  local  circuit  open.  The  indication  is  negative.  With  tie 
telephone  receiver  a  slight  click  is  produced  even  when  testing 
through  the  highest  resistances.  The  absence  of  a  click  usually 
signifies  an  open  in  the  testing  apparatus  itself.  Thus  the  telephoni 
receiver  indication  is  positive. 

95.  A  telegraph  sounder  is  sometimes  used  for  testing.  It  i 
connected  in  the  same  way  as  I  he  ti-k-ph"nc  receiver  ni  Fig,  47, and 
is  adaptable  for  rough  work.  When  the  circuit  under  lest  is  closed 
and  the  flexible  cord  clips  arc  touched  to  the  circuit  conductors,  the 
sounder  clicks.  Where  (he  circuit  is  open  there  is  no  click.  One 
feature  of  the  sounder  method  is  that  the  click  is  audible  a: 
siderabie  distance  (rum  the  instrument. 

96.  An  electric  bell  outfit  for  testing  is  shownin  Fig,  47.  When 
the  free  ends  for  testing  are  touched  to  a  closed  circuit  of  not  too 
high  resistance  the  bell  rings.  Where  the  circuit  is  open  the  bell 
will  not  ring.  Flexible  cord  can  ^^r  Wafeor  conductors 
be  used  for  the  testing  conduc- 
tors of  the  outfit  and  tcsting-clips 
can  be  provided  as  in  Fig.  47. 


py.    A  test  lamp  (Fig.  48),  consisting  merely  o(V  weatheroro 
socket  of  moulded  mica,   into  which  is  screwed  an  % 
carbon  lamp  of  the  voltage  of  the  circuits  uwo\v<n\,Vi  veiy  t 
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ml  for  rough  tests  on  interior-lighting  and  motor-wiring  systems, 
rcelain  sockets  arc  undesirable  because  they  arc  so  readily  broken, 
ass  sockets  should  not  be  used  because  they  may  fall  across 
tldtlctors  and  thereby  cause  short  circuits.  Testing  clips  may  be 
.dered  to  the  ends  of  the  leads  which  are  moulded  in  the  socket. 
me  uses  of  the  testing  lamp  are  given  in  a  following  paragraph, 
A  it  is  very  convenient  fur  le-tiug  for  detective  fuses. 
98.  Rules  for  Use  of  Ammeter  and  Voltmeter  (Timbic's 
entente  of  Electricity). — Place  ammeter  in  series,  always  using  a 
art-circuiting  switch,  where  possible,  as  shown  In  Fig.  49,  to  pre- 


,--Short  Circuiting  Switch 


nt  injury-  to  the  instrument.  Place  voltmeter  in  shunt  (Fig.  40). 
t  the  +  side  of  the  instrument  on  the  +  side  of  the  line.  Fig.  49 
>ws  the  correct  use  of  an  ammeter  and  a  voltmeter  to  measure 
)  current  and  the  voltage  supplied  to  the  motor.  The  short- 
cjiling  switch  .S'  musl  be  opened  before  the  ammeter  is  read.  All 
;  current  that  enters  the  motor  must  then  flow  through  the  am- 
'tcr  and  be  indicated.  The  ammeter  is  of  very  low  resistance 
rout  o.oot  or  0.002  ohm)  and  does  not  appreciably  cut  down  the 
w  of  current.  The  voltmeter  is  of  very  high  resistance  (about 
,000  ohms)  and  does  not  allow  any  appreciable  current  to  flow 

Source  of  electricity 

*  1VWWWW1 ' 

Vt-S-feMi  SO Volts 
Jig.  so.— Current  measurement  with  voltmeter. 

rough  itself.     Yet  enough  goes  through  the  voltmeter  to  cause 
to  indicate    the  voltage  across    the  terminal   AB  of  the  motor, 
ppose  the  voltage  across  the  motor  to  be  no.  what  would  happen 
an  ammeter  of   o.oo?  ohm  resistance  were   by  mistake  placed 
ross  AB}      (Remember  Ohm's  law  is  always,  in  OyiCTaXAOTi^ 
pp.     Ohm's  law  is  often  applied  in  making  detftrnona.feo.f.  o\ 
'stance,  voltw.  current  and  power.     In  35  and  56  e*Mo.\t\.es>  «i 
n  that  Indicate  Che  application  of  Ohm's  W  to  mea.WtfemCT>- 
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ioo.    A  method  of  measuring  current  with  a  voltmeter  is  shown 

in  Fig.  50.    If  a  resistor  of  known  resistance  be  connected  in  series 

in  a  circuit  and  the  voltage  across  the  coil  measured  with  a  voltmeter 

the  current  can  be  determined  by  Ohm's  law  thus: 

Example. — (Pig.   50.)     If    the  drop  around  0.4  ohm  resistance  in  series 
in  a  circuit  is  20  volts,  what  is  the  current  in  the  circuit? 
Solution. — Substitute  in  the  Ohm's  law  formula: 


I  „  §.  .     20  m 
*"  R         0.4 


50.  amp. 


Shunt  in        ' 
Instrument 


Lines 


Pig.  51.- 


External  Shunt 

-Milli voltmeters  and  shunts. 


10 1.  A  millivoltmeter  is  generally  used  for  making  measure- 
ments like  that  of  99.  A  millivoltmeter  reads  in  thousandths  of 
volts  so  that  a  resistor  of  small  resistance  can  be  used.  Ammeters, 
particularly  those  for  large  currents,  are  often  millivoltmeters  cali- 
brated in  amperes  which  are  connected  around  a  resistor,  in  series 
with  the  circuit  (Fig.  51).  The  resistor  is  sometimes  in  the  instru- 
ment case  and  is  sometimes  inserted  in  the  bus-bars  of  a  switch- 
board. See  Fig.  51.  Such  resistors  are  called  shunts  and  when 
furnished  by  instrument  makers  are  carefully  calibrated. 

102.  Resistance  can  be  measured  with  a  voltmeter  as  indicated 
in  Fig.  52.    A  resistor  of  known  resistance,  a  source  of  electricity 

Any  source  of  ekctricffy. 


Unknown 
Known  Resist.       Resistance 
2  Ohms  J  Rx  \ 

ywwwv 


Reads  30  Vo/ts 


1 
1 


Reods42Vo/h 


IE 


Pig.  52. — Resistance  measurement. 

and  one  voltmeter  is  required.  The  same  constant  current  flows 
through  both  the  known  and  the  unknown  resistance.  The  volt- 
meter reading  E  is  taken  and  then  the  reading  Ex.  The  voltage 
drops  will  be  proportional  to  the  resistances  or: 

R      Rx     r,        EXXR 
^  =  ^-or  Rx  = 


E      Ex        *  E 

Example. — Substituting  the  values  from  Pig.  52  in  the  lormvfa.*. 


30 


30 
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Ver7  small  resistances  c 


'ery  small  resistances  can  be  measured,  as  indicated  in 
A-ith  an  ammeter  and  a  mi  Hi  vol  1  meter.  This  method  is 
convenient  for  measuring  the  resistance  of  bus-bars,  joints  between 
conductors,  switch  contacts,  brush -contact  resistance  and  other 
low  resistances.  As  large  a  current  as  is  feasible  should  be  used. 
This  is  another  application  of  Ohm's  law. 

CSf%. 

'i 


Example — 


104.     Insulation  resistance  is  usually  measured  as  suggest 


11  Fig.   54.     A  voltmeter  01  known  r 
resistance,  and  a  source  of  tm.f.   (batteries  o 
required.     First  the  voltage  of  the  e.m.f.  sourci 


at  J  or  //.  The  apparatus  is  then  arranged  ;ls  shown  at  ///  to 
measure  the  resistance  from  each  side  of  the  circuit  to  ground. 
At  IV  or  1'  arc  shown  the  connections  for  measuring  the  resistance 
between  conductors.  If  £=  voltage  of  e.m.f.  source,  E,  =  reading 
of  voltmeter  when  cornice  led  in  series  with  insulation  resist 
ed,  R„=  resist  amv,  in  olims,  o(  voltmeter  atvi  R 
v  sought,  the  following  formula  is  used-. 


»-*(£-.) 


ISa  Fit  5v) 
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ZiampU. — la  s  rtrtair,  (Pig.  55)  U 


"^  Conntcfion  - 

Ptadlnq  for  Iniulotion         Reading ftrfaauhfiM Ri-  RHdinjhrlnsvbfaiRfi'i)- 

RulitoiKt  of  Conducterl.  utonaafConducha-2.    tonBrtoun Cundudwt 


105.  The  insulation  resistance  of  a  generator  can  be  determined 
with  a  voltmeter  of  known  resistance  which  is  successively  connected 
and  read  in  positions/  and//,  Fig.  56.  The  formula  of  104  is  used. 
The  external  circuit  connected  to  the  generatac  sbould  be  ait  ofi 
while  the  measurements  are  being  taken  so  that  "rts  YpyiWtoa.  xe- 
tbtancc  will  not  affect  the  readings. 

Jtoe.     The  insulation  resistance  of  a  motaw  co&  be  tohw<( 
W  *  voltmeter  as  suggested  in  Fig.  57.    "E^t  ftnfrou  oV  lQ* 
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used.     Unless  the  external  circuit  has  high  insulation 
its  resistance  will  affect  the  result. 

107.  Power,  in  direct -current  or  non-inductive  alternating- 
current  electric  circuits,  can  be  measured  with  a  voltmeter  and  an 
ammeter.  For  two- wire  circuits  the  power  in  watts,  in  accordant 
with  Ohm's  law,  equals  the  product  of  volts  times  amperes,  thus: 

P  =  IXE 
Wherein  P  is  the  power  in  watts,  I  is  th€ 
E  is  the  e.m.f.  in  volt?. 


n  amperes  s 


mfiU.- 


Alttl.M: 


■  ■■' 

are  shown  in  these,  the  principles  t 

re  the  same  as  if  instruments  wer 

£ 

1..  Keads40Amp. 

1 

^-ReadiSAm/, 

,£U>  i  i  i 

I. 

J. 

Fewer    Measurements. 
Fig.  s8.— Power  measurements. 

Example.— In  Fib.  S«.  /.  the  power  taken  by  the  motor  ia.  substitute 
P-/X£-4°X«o  =  8.8oo  watts 

r  in  kilowatts  -   —°   =   8 .  3  fcw. 

Exc 

mfilr. — In  Fig.  58.  II.  the  power  te 

ken 

by  the  lamps  is: 

^j:fyads50Amp. 


108.  Methods  of  measuring  power  in  alternating -current 
circuits  are  given  in  Pars.  50,  50A,  and  148A  to  151. 

109,  All  ammeters  and  voltmeters  (except  electrostatic) 
consume  power  when  in  use  and  introduce  some  error  VTAmWi 
E/emen/s   ef  E/ertririty).     For    minimum    error   t,see  \;\^.   Vi,  T^ 

wittt Mrtwsxnw  ,}  I,,;,  ■<:,,r,-n!  tlr,d  high  iWf.ity    the  voltmeter  should.  n« 
'"JietklArummctvrandH,,-  rji/^imlHS  under  test. 
+*&  *>fi,rt  a  large  currcfU  at  low  voltage  is  famm*  «»  ™Um 
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should  be  placed  immediately  across  She  piece  of  apparatus  under  led 
and  not  across  the  ammeter.     (Fig.  59II.) 

Ito.  The  Wheatstonc  bridge  is  an  instrument  for  measuring 
medium  and  high  resistances.  It  is  not  suitable  for  measuring 
resistances  of  less  than  1  ohm.  An  elementary  diagram  is  shorn 
in  Fig.  60.  Ri,  Ri  and  R  are  adjustable  resistances,  R,  is  the  un- 
known resistance  and  G  is  a  delicate  galvanometer.  A  batteiy 
supplies  electricity.  It  can  be  shown  that  if,  when  both  keys  *rt 
pressed,  the  galvanometer  shows  no  deflection: 


In  commercial  bridges,  the  adjustable  resistances  R)  and  Si  are 
usually  so  arranged  that  the  ratio  y  will  be  a  fraction  like  ^  ot 
xJi  or  a  number  like  10  or  100  so  that  R,  can  be  obtained  readily 


Arrangement  of  Actual  Bridqe 

Pic.  61. — Post-office  pattern  of  VhwUtom  farifigi 


Unknown 
Res/sfanct 
Simplified  Diagram 


by  dividing  or  multiplying  R  by  an  easily  hanc&eA  umbSmk.  fc 
>*>a  rfs  are  sometimes  called  the  ratio  aims,  arid  R  \a  ca&ee.  -to 
S,?1  For  m°st  accurate  results  the  resvrtaiw**  R,  »*, M 
would  be  as  nearly  as  possible  equal  to  R«- 
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in.  A  diagram  of  a  commercial  bridge  of  the  post-office 
pattern  is  shown  in  Fig.  6t.  Its  principle  is  similar  to  that  of  Fig. 
60.  Brass  plugs  are  used  to  vary  the  resistance  in  arms  R,  Rt  and 
Hi.  When  a  plug  is  inserted  in  the  opening  between  two  resistance 
coils  it  shunts  out  the  coil.  In  using  this  bridge  the  ratio  --  is 
arranged  by  the  operator  to  correspond  to  R,.  Then  R  is  adjusted 
until  a  balance  is  obtained.  When  Rc  is  greater  than  £  the  ratio 
must  be  id,  100  or  i,oooT  and  when  R*  is  smaller  than  R  the  ratio 
must  be  0.1  oro.010ro.001.     If  R,=Ri  the  value  of  R,  equals  R. 

112.  Directions  for  using  a  Wneatstone  Bridge. — (1)  Insert 
the  unknown  resistance.  (2)  Make  a  mental  estimation  of  the 
probable  value  of  the  unknown  resistance.  If  it  is  not  greater 
than  the  total  resistance  in  the  arm  R  or  smaller  than  that  of  any 
one  coil  in  R,  Ri  and  ffj  may  he  made  equal  by  taking  plugs  from 
the  proper  holes.     (3)  Take  a  plug  from  a  coil,  in  R,  of  about  '' 


_ _e  of  Rx  and  press  the  keys.  Note  the  deflec- 
tion of  the  needle,  whether  it  is  to  the  right  or  left.  Now  unplug 
a  coil  in  R  of  about  twice  the  resistance  of  the  first  one  unplugged. 
Jf  the  needle  now  dellects  in  the  opposite  direction  the  value  of 
R,  lies  between  these  two  values.  If  the  deflection  is  in  the  same 
direction  the  unplugged  resistance  in  R  is  too  great  and  a  value 
of  about  one-half  that.  originally  selected  should  lie  tried.  Sys- 
tematically narrow  druvn  the  limUs  until  the  best  possible  balance 
is  obtained.  (4)  Usually  it  is  impossible  to  .secure  an  exact  bal- 
ance. When  this  is  the  case  proceed  as  indicated  in  the  following 
example:  Assume  that  the  coil  of  smallest  resistance  in  the  R 
arm  is  of  0.1  ohm.  With  this  added  the  galvanometer  deflects 
two  divisions  to  the  right.  The  deflection  without  is  three 
divisions  to  the  left.  Therefore  a  difference  of  0.1  ohm  makes 
a  difference  of  five  scale  divisions.  The  resistance  that  would 
give  no  deflection  is  §Xo.i  =  o.o6  ohm.  (5)  Be  cutM  tuA  \n 
allow  the  metal  parts  of  the  bridge  pluga  to  become  -mtt  ot  %teasj 
from  the  hands.  (0)  [/sea  la/sling  motion  when  inserting,  \3ob^M.'S&- 
'»(  them  In  Grmly  but  do  not  use  enoueh  iorcc  \o  WvaV  ^6-  *« 
seating  handles.  (;)  Wlu-n  drwin"  the  keys,  ciose  ttve  \iaWe* 
\-  hrst  and  m  opening  the  keys  open  the  galvanometer  Y«^  ta 
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113.  How  to  Make  a  Slide-wire  Bridge  {/.  W.  Hinmehl ... 
PiiyiY,  June  4,  igis). — The  very  satisfactory  apparatus  described 
!•%.  <),-}  ran  lie  easily  am!  cheaply  made,  'lilt?  only  expensive 
is  a  direct- reading,  differential  mlllivoltmcter  having  liie  zero 
the  middle  of  the  scale,  which  reads  75  millivolts  on  cither  aide 
the  zero  point.  Mount  on  a  piece  of  well-seasoned  5X18X1 
oak  four  binding-posts,  A,  B,  C,  D,  and  two  lamp  soekets,  L. 
as  shown;  M.  and  A"  are  two  small  wire  brads  driven  in  the  hot 
leaving  only  |<  in.  projecting. 


/#. 


From  .4  to  N,  N  to  M,  and  M  to/),  paste  strips  of  paper  1 
upon  which  a  scale  has  been  drawn,  with  divisions  every  \ 
which  will  give  200  divisions.     Mark  every  second  division  fro 
o  to  100,  starting  at  A.    Then  stretch  a  piece  of  No.  26  or  28  B 
S.  gage,  german-silvcr  wire  from  A  around  N  and  M  t.  .  . 
wire  must  be  strel.  lied  lit; hi  ly  so  that  reading  the  scale  will  gi 
correct  proportional  lengths  of  wire. 

The  lamp  sockets  arc  to  be  wired  in  parallel.     Connect  pe 
nently  to  D  a  piece  of  flexible  wire  (lamp  cord  will  do)  to  the  ei 
which  is  soldered  a  knife-edge  contact.     This  wire  must  r 
from  post  D  to  post  A.     Binding  posts  A  and  B  must  have  t 
connectors,  as  two  sets  of  leads  are  fastened  to  them;  this  con 
the  testing  set. 

114.    To  Prepare   for  Testing  for  a  Cable -ground  wi 
Home-made  Slide-wire  Bridge. — Connect  to  the  binding  p 
and  B  respectively  (Fig,  63),  one  lead  to  the  available  end  of  t 
grounded  conductor  and  one  lead  to  a  conductor  parallel  to 
grounded  conductor  and  having  the  same  destination.     The  e 
of  these  two  conductors,  away  from  the  testing  set,  must  be  joi 
together.     Connect  the  milli voltmeter  to  the  posts  A  and  B. 

fr  t-s-rolt,  tiirec (-current  circuit  is  ava\\a\Ae,cc 
f  C  and  ground  the  other,  and  place  two  16  c 
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xkets.  If  no  direct-current  circuit  is  available,  five  or  six  battery 
ills  connected  in  series  can  be  used.  Connect  one  terminal  to 
'  and  ground  the  other;  short-circuit  the  lamp  sockets  with  a 
lug  fuse. 

115.  To  locate  the  grounded  point  in  a  cable  with  the  home- 
lade  slide -wire  bridge,  run  the  knife-edge  contact  connected 
>  D  (Fig.  63)  along  the  graduated  wire  until  the  millivoltmeter 
iads  zero.    Suppose  the  reading  on  the  wire  is  25  divisions  from 

Referring  to  the  lower  diagram,  if  the  total  length  of  the 
ible  loop  is  L,  and  the  distance  from  the  station  to  the  ground  is 
',  then  the  following  proportion  holds  good: 

25  :X=75  :L-X 
>lving  for  X, 

7SX  =  2$L-2sX 

iooX  =  25L 

X=o.25L 

id  if  the  length  of  the  cable  is  known,  the  distance  X  can  readily 
2  determined. 

Designating  the  distance  from  A  to  the  point  on  the  slide  wire 
hich  gives  zero  deflection  on  the  millivoltmeter  as  G,  and  the 
istance  from  B  around  to  this  point  as  H,  also  the  total  loop 
ngth  of  the  conductor,  and  the  distance  from  the  station  to  the 
round,  L  and  X,  respectively,  as  before,  then: 

G:X  =  H:L-X 
GL-GX=HX  (0 

ut  G  plus  H  equals  100;  therefore, 

H  =  ioo-G  (2) 

lbstituting  (2)  in  (1), 

GL-GX  =  100X-GX 
100X—GL 

100 

rhich  is  the  formula  to  be  used  when  locating  grounds  with  this 
pparatus. 
If  the  ground  is  due  to  water — which  will  mean  that  it  is  not 
onfined  to  one  point — this  method  is  not  very  satisfactory.  If 
wo  or  three  conductors  in  the  faulty  cable  are  grounded,  thus 
raking  it  impossible  to  get  a  cable  clear  from  ground  for  a  return, 
:  will,  in  all  probability,  be  unnecessary  to  make  the  location 
sst  as  a  double  ground  is  equivalent  to  a  short-circuit,  and  short- 
ircuits  are  usually  very  apparent. 

116.  The  ohmmeter  is  a  special  form  of  slide- wire  Wheat- 
tone  bridge.  ^  There  are  several  types.  One  is  shown  in  Fig.  62. 
'he  slide  wire  *  connected  through  a  bar  of  practically  zero 
isistance  forms  two  arms  of  the  bridge.  A  known  resistance 
!,  Ri,  Ri,  or  Rty  forms  the  third  arm  and  the  unknown  resistance 
)rms  the  fourth  arm.  Instead  of  a  galvanometer  a  telephone 
sceiver  is  used.  It  is  connected  to  a  metal-pointed  %VyVa&  ^V\0a 
an  be  touched  at  any  point  along  the  slide  mte.  T\\fc  \mX\kc 
iyis  on  the  telephone  receiver.     At  the  point  -whets  \A^m%\^ 
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a  a  scale  undo 


the  slide 

Several  scales  indicating  ohms  can  be  provided  under  the  slide 
wire  and  each  scale  may  be  printed  in  a  different  color.  The 
boles  of  R,  Ri,  Rt,  and  R,  are  marked  each  with  the  color  corre- 
sponding to  the  scale  that  is  to  be  used  when  the  plug  is  in  the 
corresponding  hole.  A  battery  is  used  in  some  ohrameters  and  u 
induction  coil  or  a  magneto  in  others. 

To  use  the  ohmmeter  of  Fig.  6a,  connect  the  unknown 
nee  as  shown.  Close  the  key.  Pass  the  stylus  along  tie 
wire  gently  tapping  it  and  hold  the  telephone  receiver  to  the  ear. 
The  unknown  resistance  will  be  indicated  on  the  scale  at  the  pant 
where  tapping  produces  no  sound  in  the  receiver.  The  plug  P 
must  be  in  some  one  of  the  resistance  holes  while  the  test  is  brim 
made.  Read  from  the  scale  of  the  color  corresponding  to  the 
color  at  the  hole  in  which  P  is  inserted. 


\4S 

J 

'  8  9   10 

!' 

8  CZ 
3  CZ 
10  d 
12  CZ 

9  j 
=J  S 
=3  7 

zzd  a 

9/7 

&s 

*~/0   9  8765* 

i 

* 

Fig.  6s.— Home-made  wire  bridge. 

n8.  Locating  Faults  in  a  Cable  {Standard  Under  ground 
Cable  Co.). — Fig.  64  shows  a  simple  method,  using  a  dynamo, 
a  galvanometer,  and  10  or  15  ft.  oi  bare  wire.  This  method  is 
only  applicable  when  both  conductors  of  the  cable  are  of  the 
same  size.  After  making  the  connections  shown  it  is  only  neces- 
sary to  move  the  stylus  b  along  the  bare  wire  until  the  galva- 
nometer is  not  deflected  in  cither  direction. 

Let  A  =the  length  of  the  wire  between  the  balance  point  B  and 
the  faulty  conductor,  C  =  the  total  length  of  the  wire,  and  L  =  the 


AXL 


total  length  of  the  cable  c 
Then  distance  to  the  fault' 


Fig.  65  shows  a  simple  form  of  wit 
for  tests  of  this  kind.  The  length  A  1 
value  of  C  is  200.     It  a  galvanometer  i 


e  the  length  of  the  cable. 


bridge  which  can  be  used 

a  be  read  directly  and  the 

. .      j  not  available  a  teterjhooe 

While  the  use  1A  Bil.CTvus.'uw), 
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currents  may  introduce  errors  due  to  self  induction  and  capacit 
such  errors  will  not  generally  be  sufficiently  great  to  interfere  wii 
practical  results. 

119.    Testing  Cables  For  Insulation  with  a  Telephone  Receivi 
and   Battery  (Standard  Underground  Cable  Co.). — An  extreme 
simple  way  to  determine  whether  or  not  the  insulation  resistam 
of  any  particular  wire  is  high  or  not,  is  as 
follows:    A  telephone  receiver  and  battery 
are  connected  as  shown  in  Fig.  66.    One 
side  of  the  battery  is  attached  to  the  lead 
sheath  of  the  cable  or  to  ground,  and  the 
other  side  to  a  telephone  receiver.    A  rub- 
ber insulated  wire  is  attached  to  the  other 
side  of  the  telephone.     To  test,  press  the 
telephone  receiver  to  the  ear,  and  touch  the 
wire  L  to  the  conductor  E;  a  click  will 
always  be  heard  the  first  time.     After  keeping  both  wires  in  conta< 
for  several  seconds,  break  and  make  the  connection  once  more; 
no  sound  is  heard  at  the  instant  of  reconnection  the  wire  is  n< 
faulty.     With  intervals  of  time  between  break  and  make  of  01 
second  with  a  battery  of  1  volt  it  can  be  assumed  that  no  click  ind 
cates  at  least  a  resistance  of  50  megohms.     When  more  battery 
used  this  number  is  increased  about  in  proportion  to  the  numbi 
of  cells.     Care  must  be  taken  that  sounds  in  the  telephone  due  1 
induction  are  not  misconstrued  for  those  produced  by  leaks. 


Fig.  66, — Test  for  ins 
lation  resistance. 


'*»*>>»**>****} 
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Fig.  67. — Effect  of  two  grounds  on  an  arc  circuit. 

120.    Grounds  on  series  arc  or  incandescent  lighting  circui 

frequently  reveal  their  locations  automatically.    If  there  are  ta 

good  grounds  on  the  circuit  the  lamps  connected  in  the  line  betwee 

the  grounds  will  not  burn  because  the  grounds  will  shunt  the: 

out    For  example,  in  Fig.  67  with  a  good  ground  at  I  and  //,  tl 

lamps  Nos.  2  to  10  would  be  shunted  out.     Sometimes  there  ma 

be  two  grounds  on  a  circuit,  but  they  may  not  be  "good"  enoug 

to  shunt  out  the  lamps.     (This  paragraph  and  those  that  folio 

t)n  testing  arc  circuits  are  from  Electrical  World.) 

;The  presence  of  but  one  ground  on  a  circuit,  irrespective  of  ho 

"good"  it  is,  will  not  reveal  itself  automatically  and  the  prop* 

operation  of  the  circuit  will  not  be  affected  by  one  ground.    \X»n 

ever,  where  there  is  one  ground,  it  constitutes  a.  senou*  mew 

to  the  Jives  of  the  station  operators  and  trou\Ae-mwu    ^>rt^ 

more,  another  ground  may  occur  at  any  time  that  may  caxva< 
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shunting  out  of  lamps  or  possibly  a  fire  or  destruction  of  equip- 
ment. Hence,  it  is  very  desirable  to  maintain  the  circuits  entirely 
clear  of  grounds.  It  is  the  practice  in  all  well-maintained  stations 
to  test  each  series  circuit  for  grounds,  some  time  during  every  after- 
noon, and  if  a  ground  is  discovered  a  trouble-man  is  sent  out  to  locate 
and  clear  it  before  the  circuit  is  thrown  into  service  for  the  night 

121.  The  usual  method  of  testing  dead  series  circuits  far 
grounds  is  to  disconnect  the  circuit  from  all  station  apparatus 
and  then  to  connect  one  terminal  of  a  magneto  test  set  to  the 
circuit  and  the  other  to  ground.  If  the  bell  rings  vigorously  when 
the  crank  is  turned,  the  circuit  is  grounded.  If  it  does  not,  the 
circuit  is  clear.  If  the  circuit  is  very  long  or  in  cable  for  a  consider- 
able portion  of  its  length,  the  bell  may  ring  some  even  if  the  cir- 
cuit be  clear  of  grounds. 

122.  The  method  of  locating  a  ground  on  a  dead  arc  circuit 
is  illustrated  in  Fig.  68.  Disconnect  all  station  apparatus  and 
temporarily  ground  one  side  of  the  circuit  as  at  B  (Fig.  68).  Pro- 
ceed out  along  the  line  and  connect  some  testing  instrument  (a 
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Fig.  68. — Locating  a  ground  on  a  dead  arc  circuit. 


magneto  test  set  is  most  frequently  used)  in  series  with  the  circuit 
at  some  point.  If  when  the  crank  is  turned  the  magneto  bell 
rings,  indicating  a  closed  circuit,  the  tester  is  between  the  station 
ground  and  the  ground  on  the  circuit.  If  the  magneto  "rings 
open,"  the  tester  is  between  the  circuit  ground  and  the  ungrounded 
station  end  of  the  circuit.  If  in  Fig.  68  the  test  is  inserted  at 
lamps  i,  2  or  3,  the  magneto  should  ring  "closed,"  while  if  inserted 
at  any  of  the  other  lamps  it  should  ring  "open." 

123.  In  locating  either  a  ground  or  an  open  on  a  series  circuit, 
unless  the  tester  has  an  idea  as  to  the  location  of  the  trouble,  he 
should  proceed  first  to  the  middle  point  of  the  circuit  and  there 
make  his  first  test.  This  first  test  will  indicate  on  which  side  of 
the  middle  point  the  trouble  is.  He  should  then  proceed  to  the 
middle  point  of  the  half  of  the  circuit  that  shows  trouble  and  there 
make  another  test.  This  will  localize  the  trouble  to  one  quarter 
of  the  circuit.  This  "halving"  of  the  sections  of  the  circuit  should 
bo  continued  until  the  trouble  is  finally  found. 

If  there  is  more  than  one  ground  on  a  series  circuit  the  trouble 

is  tedious  to  locate.    If  the  tests  .made  at  different  points  on  the 

iiraiit  arc  confusing,  indicating  the  existence  ol  sevraX  ^tcroaAs 

t/tc  best  pmtvdurv  is  to  open  the  circuit  into  sev«a\  &\s»\\tyc\.  sfcOapn 

ti*(f  then  tost  each  one  as  a  unit,  following  toe  m^xkod*  taaocfe 

'  Pftcvtlhix  paragraphs. 
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124.  A  ground  on  a  series  circuit  can  sometimes  be  locatet 
with  the  current  from  the  arc  generator  or  rectifier  by  placing 
temporary  ground  on  lie  circuit  at  the  station.  For  example,  : 
in  Fig.  6S  a  temporary  ground  is  connected  to  terminal  It  and  th 
device  that  supplies  the  operating  current  to  the  circuit  is  connect! 
to  terminals  C  and  D  and  normal  operating  current  thrown  out  1 
the  circuit,  the  lamps  1,  2,  and  3  will  not  burn,  indicatinj;  that  tl 

.    ground  is  between  lamps  ;|  and  4.     The  use  of  (his  method  is  a. 
tended  by  some  5re  risk;  hence,  the  method  should  be  used  with 

125.  A  method  of  locating  a  ground  on  a  series  circuit  with 
lamp  bank  is  suggested  in  Fig.  Op.  A  bank  of  no-volt  incande 
cent  lamps,  each  of  the  same  candle-power,  is  connected  in  scries : 


;.  69. — Lccati 


:!;-lii;iU'i[    and    ■. -i-=i--    1  ■  n ■  I    ■  i  ■  ■    |.  .1 

There  should  be  a  sufficient  number  of  lamps  in  theb?nkso  that  the 
sum  of  the  voltages  of  all  of  the  lamps  is  at  least  equal  to  the  volt- 
ifie  impressed  on  the  series  circuit  by  the  arc  general  or  or  the  regu- 
lator. For  instance,  if  the  voltage  impressed  on  the  series  circuit 
is  6,600,  there  should  be  at  least  sixty  no-volt  incandescent  lamps 
in  tie  bank  (6,fiooH- 110  =  60). 

In  locating  a  ground,  the  flexible  cord  which  is  connected  to  the 
center  point  of  the  double-throw  switch  is  successively  placed  on 
different  points  on  the  conductor  thai  connects  the-  incandescent 
lamps  in  series,  the  switch  being  thrown  to  one  or  the  other  of  the 
circuit  terminals,  C  or  D.  Move  the  flexible  cord  along  until  the 
incandescent  lamps  in  the  bank,  between  the  point  of  connection 
of  the  cord  and  the  permanent  ground,  bum  at  about  full  bril- 
liancy. When  this  condition  obtains,  the  voltage  impressed  across 
the  lamps  that  are  burning  fully  brilliant  is  approximately  equal 
to  the  voltage  impressed  on  the  portion  of  the  arc  circuit  (to  which 
the  switch  connect.;)  between  the  slation  and  the  ground.  The 
voltage  required  across  each  lamp  of  the  outside  circuit  being  known, 
the-  number  of  lamps  between  I  he  station  and  the  ground  can  be 
readily  computed,  and  therein1  the  ground  is  located. 

Great  care  must  be  everrised  in  using;  this  method.  TtaCcvcoWj 
.'//  A-rivs  llirluinif  emails  opcralc  at  very  hijiVi  vcAUl^c.  "fi.en.ct 
vhen  the  Hexible  cord  k  Urn;-  moved  alone;  the  conducts*,  fee  ws 
■■■»-r.: ,t,,r  or  n,:-:!1:,,,.r  should  be  entirely  disconnected.  ,! 
BOOM  one  may  be  killed. 
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*»=■*;£* — Ct'iifar  7L?.  V-  -t«-r«  £*  &  srr=£  re  the  circuit.  It 
i*  fv:fi  ■.-!-  -.■■--  -.:  "be  \=.-jl=.L~s&£-\    *~;*  -£  ^-  '-*■""  *c  ;i=  a*  fn!l  brB- 

;:v-.-.*.  .*-!---:  s.r*  -^>fi  :=  -1*  *ia=ljc  iz.^  -:ltAg*  icr:»  these  two  is  *a& 
7>._*  rr*rs.::.z  :!i*-.  ->_*  v-.lti.*  ;-  th*  ir:  y^-zrzii  :e" ■  ee-  --cits  C  and  Gil 
t'-x.-r*.  ii"#.  i:--_:*  ti*  ir:  !*=.;■$  *»-;z  rr^—r-  iter:  5-3  Ttlts  there  must  be 
**',  -  '■-  =  £-£-  '-r  it.  rv-r.1  =:z=.i*rs  ^.  ir:  t-;s  ret-*ee=:  C  ard  the  ground 
Cr.  A/*.*r  7T..ZJC-2  i,  t*it  -*rr.z.  ti*  z-r.--.'-  -■::--  :=  C  r:  shr-zli  be  thrown  over 
v.  .0   t-  -:  %  \-yJk.  *.**-.  =ai*  fn=.  ti±  —'-*-  end  :i  tie  cirr=t-     The  method 

126.  To  locate  an  "open "ana series  circuit  ground  one  end 
o:  •.?.*  c*rrii*.  at  tie  station  2=  in  Fig.  oS.  Then  make  tests  at 
fiiZtrtT.*:  ryJr.t*  out  on  the  circuit  with  the  magneto  connected 
ir.  1/:*.a-%.i  :i.ie  and  ground.  So  long  as  the  magneto  bell  indicates 
a  '.i'/:**i  circuit,  the  open  is  on  the  line  side  of  the  tester.  When 
th*  rr.ajrr.eto  indicates  an  open  circuit  the  open  is  toward  the 
fetation-  from  the  tester. 

127*  The  testing  out  of  a  concealed  wiring  system  for  proper 
connections  is  illustrated  in  Fig.  7?.  It  is  assumed  that  the 
wires  are  Stalled  and  that  the  locations  of  their  runs  are  concealed 


Fio.  70. — Testing  out  wiring  for  proper  connections. 

by  the  plastering.    Only  the  ends  of  the  conductors  are  visible 
at.  the  outlets.    It  is  necessary  to  identify  the  conductor  ends 
at  #:afh  outlet.    These  tests  are  usually  made  with  an  electric- 
bell  outfit  O-ig.  47)  because  the  sound  of  the  bell  will  indicate  a 
closed  circuit  to  the  wireman  in  a  distant  room.    Hence,  a  single 
m;in  ran  test  out  such  a  system.    In  testing  out,  first  skin itSe 
vmh  of  all  of  the  conductors  and  see  that  none  is  in  contact  with 
nny  other  or  with  the  outlet  box.    Next,  select  a  pair  of  conduc- 
tor* (Mtf.  yoA)y  preferably  the  pair  that  serves  the  group,  and 
connect,  the  bell  outfit  to  the  ends  of  the  pair  as  shown.    Thet 
priM ee*I  to  the  outlet  (Fig.  yoB)  at  which  the  pair  of  conductor: 
should  terminate  and  successively  touch  together  the  ends  of  al 
the  wires  that  terminate  in  that  box  until  a  pair  is  discoverec 
thai,  touching  together  the  ends  of  which,  rings  the  bell.    This 
Mr/i/Mrx  one  pair.     Tag  this  pair  so  that  it  cam.  \>e  xraASfcy  foW 
n/rni/i  n nt  1  repeat  the  process  on  some  otnet  pa\t.    Contmwfc  >& 
until tillof  tin  conductors  are  identified.     tTYnspamtpa^MAV^ 
t tint.  folh,w  on  practical  electrical  tests  from  Electrical  Euwneerx 
***.     The  method  of  testing  out  the  canaec&cnas  tox  \tow> 


.  Sect  I]  FUNDAMENTALS  '  f 

switches  is  shown  in  Fig.  71.  When  finally  connected  the  circui 
pjnuld  lit'  as  shown  at  I.  It  is  assumed  [hat  the  conductors  a: 
b  place  and  concealed  within  walls  or  ceilings  and  that  only  ll 
™ds  arc  visible  at  the  outlets,  as  at  Fig.  71,  //.  First,  ideniil 
the  feed  conductors  and  bend  back  their  ends  at  the  outlet  be 
is  at  .4s.  Next,  twist  together,  temporarily,  tile  bared  ends 
any  two  of  the  conductors  at  each  of  the  ;\\  itch  outlets  as  at  A 
and  Ci.  The  conductors  having  their  ends  thus  twisted  togethc 
will  be  the  switch  conductors.  Now,  at  the  lamp  outlet,  or  outlets, 
identify    the   sliort-circuited  switch   conductors  as  directed 


_....-  -Thrzc-my Switch     t  Thrsi-Way  Switch -. 


V  Connections  Complete 


preceding  paragraph  ami  connerl  ami  solder  these  switch  conduc 
tors  together  as  at  Bs.  Connect  the  remaining  conductor  ends 
st  the  lamp  outlets  to  the  lamps,  B,,  connect  one  of  the  feed  ci 
ductors  lo  the  center,  point  of  the  three-nay  switch  (A*),  a 
connect  the  olht-r  feed  conductor  lo  the  lamp  wire.  The  switch 
conductors  are  connected  to  the  two  points  of  the  switch. 
C4  the  same  procedure  is  followed. 

129.  In  testing  out  a  new  wiring  installation  for  faults  each 

branch  circuit,  main  and  feeder  should  be  treated  individually. 
It  is  usually  impracticable  to  test  an  installation  as  a  unit,  as 
open  switches  and  loose  connections  in  cut-outs  may  render  such 
a  test  worthless.  If  a  test  is  made  from  the  cut-out,  on  the  two 
conductors  of  each  irnlivi.li:.-:!  .-In  nil,  the  ab'.n  e-nienlioned  possible 
elements  of  uncertainty  are  eliminated.  Test  each  side  of  each 
circuit  separately  unless  the  lamps  are  in  position. 

130.  Open  circuits  in  multiple  wiring  installations  aift  MEKwHe] 
readily  located.  It  the  /.imjisiiro  in  [uMi.ion  and  ftghXlnft-q  &ftin 
■vailablc,  it  can  be  impressed  on   the  circuit.     iWYimps-wi  \>e 


"  open."     Whetc  W^t-vat  vo\\a%fc 
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not  available,  all  of  the  lamps  can  be  taken  out  of  the  sockets 
and  each  of  the  sides  of  the  circuit  can  be  grounded  at  the  cut- 
out. Then  a  telephone- and- battery,  a  bell-and-battery,  or  a  mag- 
neto test  set  can  be  connected  temporarily  and  successively  be- 
tween one  line  and  ground  and  between  the  other  h'ne  and  ground 
at  each  outlet  on  the  branch.  When  the  test  set  indicates  an 
open  circuit,  the  "open"  is  between  the  tester  and  the  ground 
made  at  the  cut-out. 

131.  The  test  for  short-circuits  on  a  multiple  system  is  made 
by  temporarily  connecting  a  test  set  across  the  terminals  of  each 
branch  and  circuit  at  the  cut-out.  If  there  is  a  short-circuit  on 
the  lines  under  test,  its  presence  will  be  immediately  evident. 

132.  The  test  for  continuity  of  multiple  wiring  circuits  is  made 
by  temporarily  connecting  a  test  set  across  the  terminals  of  each 
branch  cut-out  and  successively  short-circuiting,  one  at  a  time, 
the  sockets  of  the  branch  with  a  screw-driver,  a  nail,  or  other  metal 
object.  The  test  set  will  then  indicate  whether  the  wiring  of  the 
circuit  is  open  or  dosed.  Where  lighting  voltage  is  available 
and  plug  cut-outs  are  used,  a  lamp  can  be  screwed  into  one  socket 
of  the  cut-out  and  a  plug-fuse  into  the  other.  Then  the  tester 
can  proceed  from  socket  to  socket  and  short-circuit  each.  Where 
circuit  to  the  socket  is  continuous  the  lamp  will  light  when  the 
socket  is  short-circuited. 

133.  The  test  for  grounds  on  a  multiple  wiring  insudhitiou  is 
made  by  temporarily  connecting  between  line  and  ground  a  test 
set  of  one  of  the  types  hereinbefore  described.  If  the  test  set 
indicates  a  short-circuit,  the  line  being  tested  is  grounded. 


Thru,- Wirt  Circuit 


Jhrte-Hirt  Circuit 
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134.    The  testing  of  three-wire  circuits  to  identify  the  neutral, 

is  effected  as  suggested  in  Fig.  72.     Where  the  neutral  is  grounded, 

a  test  lamp  can  be  successively  connected  between  each  of  the  three 

conductors  and  ground  (Fig.  72,  /).     When  the  ungrounded  side 

of  the  lamp  is  touched  to  the  neutral  wire  it  will  not  bum,  but 

when  touched  to  cither  of  the  outside  wires  it  will  burn.     A  method 

that  can  be  used  with  either  a  grounded  or  an  ungrounded  neutral 

is  illustrated  in  Fig.  72,  //.    Connect  the  two  test  lamps  in  series 

successively  between  one  of  the  line  wires  and  the  crtiiei  two.   NtYaa 

connected  across  the  two  outer  wires  both  \arops  trl\  \»m»  »fc  W 

voltage,  but  when  connected  between  one  a\  tVe  wMltoJ 

rutrai  they   will  bum   at   only  halt  voltage.    W" ***»£ 

*  described  in  a  previous  paragraph  (90)  caa  alio  \«  ■***» 
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in  Fig.  73.     It  may  be  necessary  to  pour  a  little 


Pig.  74- — Application  of  right-hai 
wid  into  the  water  to  tender  it  conducting.     Pure 


a  the  negative  conductor,  i 


Orient  out      Current  ir. 


conductor.     Bubbles  will  foim  only  o. 
fating  the  presence  of  current  ant 
■  the  polarity  of  the  circuit.     Be  careful 
not  to  touch  the  conductor  ends  t 
gether  which  will  cause  a  short-circui 

136.  A  Hand  Rule  to  Determine 
the  Direction  of  an  Induced  e.m.f. — 
(See  Fig.  74.)  Use  the  thht  hand. 
Extend  the  thumb  in  the  direction  of 
the  motion,  or  of  the  equivalent  mo- 
don,  of  the  conductor  and  the  fore- 
finger in  the  direction  of  the  magnetic  . 
Box.  Then  the  middle  finger  will  point 
in  the  direction  of  the  induced  e.m.f. 
(Magnetic  flra  flows  from  the  north  (JV)  to  the  south  (S)  pole  ol 
Signet.)     This  rule  can  be  remembered  by  associating  the  soun 

,  .  <f  the  following  word  groups:  "thumbs-motion,"  "forefinger 

[    farce"  and  "middle  finjjer — motive  force." 

t     uf.  Symbols  tor  indicating  the  direction  of  an  e.mJt.  en  cor 
**  or  out  at  the  and  of  a  conductor  ar*  shown  to,  Yifc.  t  4. 


Fig.  7$.- 
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138.  Hand  Role  for  Direction  of  Magnetic  Field  abort  1 
Straight  Wire.— (See  Fig.  76.)  If  a  wire,  through  which  electriot] 
is  Sowing,  is  so  grasped  with  the  right  hand  that  the  thumb  point 
in  the  direction  of  electricity  flow,  the  fingers  will  point  m  th 
direction  of  the  magnetic  field  and  vice  versa. 

139.  Band  Rule  for  Polarity  of  a  Solenoid  or  Electromagnet- 
'"  e  Fig.   77.)     If  a  solenoid  or  an  electromagnet  be  so  graspe 


Solenoid'' 

;■'  1  '■ 

we 

-; 

S  Pott 

ith  the  right  hand  that  the  fingers  point  in  the  direction  of  ele 


140.  Rule  for  Determining  Direction  of  Current  Blow  «_ 
Compass. — (See  Fig.  78.)  If  a  compass  is  placed  Under  a  cm 
ductor,  in  which  electricity  is  flowing  from  south  to  north,  tl 
north  end  of  the  needle  will  be  deflected  to  the  west.  If  the  con 
pass  is  placed  over  the  conductor,  the  north  end  of  the  conduct! 
will  be  deflected  to  the  east.  If  the  direction  of  current  flow  i 
the  conductor  is  reversed  the  direction  of  deflection  of  the' need 
will  be  reversed  correspondingly. 


Compass     I        Conductor 
N-dle   {Q\    (No  currmt) 


Contoc/or  5—1— M      ,?****'°rJj^—'H 


141.  Ground  Detectors. — (Factory  Mutual  Insurance  Cf 
Book  of  Rules.)  The  purpose  of  the  ground  detector  is  to  give 
warning  when  the  first  break  in  insulation  occurs,  thereby  givii 
time  to  repair  it  before  the  second  one,  with  its  possible  accon 
ponying  fire,  can  follow.  The  instant  a  detector  shows  a  grouni 
steps  should  be  taken  to  find  and  remedy  it.  By  toia-mm  off  01 
circuit  afterjtaother,  the  one  on  which  the  growi  e»eta  ifsa,  w 
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>e  found,  as  when  it  is  cut  off  the  detector  lamps  will  again  burn 
with    equal   brilliancy.     Inspection   along    this   circuit   will   then 
generally  soon  disclose  the  trouble.     Where  the  circ 
well  sub-divided  by  switches,  fuses  may  be  removed  ii 
.he  same  result. 

142.  Ground  Detectors  for  Two-wire  Direct -current  Circuits. — 
Fig.  70  shows  a  very  good  and  simple  detector  for  any  two-wire 
ow-voltage  system.  The  lamps  for  the  detector  should  each  be 
>f  the  same  candle-power  and  voltage— the 
voltage  being  about  the  same  as  that  of  the 
"egular  lamps  in  the  plant — and  two  lamps 
ihould  be  selected  which,  when  connected  in 
ieries,  burn  with  equal  brilliancy.  Although 
somewhat  greater  scnsili\  encss  can  be  ob- 
:ained  with  low  candle-power  lamps,  such 
is  8  c-p.,  for  example,  it  is  believed  in  gen- 
:ral  to  be  preferable  to  use  lamps  of  same 
:andJe- power  as  those  throughout  the 
slant,  as  then  a  burned-out  or  broken  de- 
:ector  lamp  can  be  immediately  replaced 
8>y  a  good  lamp  from  the  regular  Mock,  thus 
avoiding  the  necessity  of  keeping  on  hand  a 
few  spare  special  lamps. 

The  detector  lamps,  brir."  iwf  in  series  across  the  proper  volt- 
age for  one  lamp,  bum  only  dimly.  If,  however,  a  ground  occurs 
on  any  circuit,  as  at  a,  lie  current  from  the  positive  bus-bar 
through  lamp  No.  1  divides  on  reaching  b,  instead  of  all  going 
through  lamp  No.  2,  as  it  did  when  there  was  no  groond.  Part 
now  goes  down  the  ground  wire  and  through  the  ground  to  a,  as 
indicated  by  the  broken  line,  and  thence  through  the  wires  to  the 
negative  bus-bar.  This  rcf.luc.tN  the  resistance  from  b  to  the  nega- 
tive bus-bar,  and  therefore  more  current  flows  through  lamp  No. 
I  than  before,  while  less  current  flows  through  lamp  No.'  2.  Lamp 
No.  1  consequently  brisrhf 'j-n  ;  and  lamp  No.  2  dims.  If  the  ground 
had  occurred  at  c  instead  of  a,  lamp  No.  2  would  have  ' 
and  lamp  No.  t  dimmed. 

Attention  is  called  lo  the  following  points,  which  are  frequently 
neglected  in  this  form  of  detector: 

1.  The  lamp  receptacles  should  be  keyless  and  there  should  be 
no  switches  of  any  kind  in  any  of  the  connecting  wires,  so  that 
the  detector  will  always  be  in  operation.  In  order  to  be  of  the 
greatest  value,  the  indications  must  be  given  instantly  when  a 
ground  occurs.  The  observer  should  not  have  to  wait  until  the 
engineer  or  electrician  remembers  to  close  a  switch. 

2.  The  wires  should  be  protected  by  small  fuses  where  they 
connect  to  the  bus-bars.  If  these  fuses  are  omitted,  a  short- 
circuit  across  these  wires  would  cither  burn  up  the  wires  or  blow 
the  main  generator  fuses. 

3.  The  lamps  should  be  placed  very  close  together,  within  1 
i  in,  of  each  other  if  possible.  The  farther  ap.iH.  they  au, 
harder  it  is  to  deled  any  slight  difiircniv  in  liiiWianc^  \i«Nee«i 

Hem. 
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4.  The  ground  wire  should  be  carefully  soldered  to  a  pm 
which  is  thoroughly  connected  to  the  ground,  or  some  otta] 
equally  good  ground  connection  should  be  provided.  I 

143.  A  lamp  ground  detector  fox  a  three-wire  Edison  systal 
is  shown  in  Fig.  So.  In  principle  it  is  exactly  the  same  u  it 
two-lamp  detector  of  Fig.  70.    Its  indications,  are  as  follows: 

(Ground  at  a— A  bright,  B  and  C  dim. 
Switch  on  point  No-  i-{  Ground  at  6— B  and  C  bright.  A  dim. 

( Ground  at  c — A  bright,  B  and  C  dim  *> 

(  Ground  at  u— A  and  B  bright,  C  dim. 
Switch  on  point  No.  ii  Ground  at  b—C  bright,  A  and  B  dim. 
_  (Ground  at  c~C  bright,  A  and  B  dim. 
With  the  lamp  switch  at  point  No.  1.  grounds  at  a  and  c  girt 
the  same  indication,  but  by  throwing  the  switch  to  point  No.  1, 
it  will  be  at  once  evident  whether  the  ground  is  on  the  positive  « 
negative   side.     It   is   to   remove   the   uncertainty   which   wouk 
otherwise  exist  that  this  switch  is  needed.    It  should  have  ot 
"off"  position. 

The  man  in  charge  of  a  plant  can  readily  familiarize  himsd' 
with  the  indications  of  the  detector  by  purposely  putting  a  grotmt 
on  the  different  wires  and  noting  the  indications.  ,, 

If  the  neutral  is  permanently  grounded,  a  ground  detector  is,  a 

144.  The  same  degree  of  sensitiveness  on  both;  sides  can  hi 
obtained  by  means  of  the  lamp  switch  in  Fig.  80,  but  for  ground 
on  the  neutral,  there  is  never  more  than  half  the  full  voltage  avail 


able  to  operate  the  lamps, 
less  sensitive. 

145.  An  ordinary  voltmeter  can  be  used  as  a 
ground  detector  on  direct- current  circuits  of  any  voltage,  ■ 
shown  in  Fig.  81.  The  voltmeter  ordinarily  used  to  indicate  th 
pressure  on  the  system  can,  of  course,  be  used  for  this  purpow 
the  voltmeter  switch  shown  in  the  cut  beVng  a.nan%e&  \»  ^dw 
the  different  desired  connections. 
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example,  the.  system  shown  in  Fig.  Si  were  of  about  100 
;  voltmeter  would  register  100  when  the  levers  of  the 
ere  On  the  inside  contact  points  as  shown.  If,  now, 
-hand  Sever  were  moved  to  the  outside  contact  point 
dotted,  and  there  were  a  ground  on  the  system,  as  at  a, 
rould  pass  from  the  positive  lius-liar  through  the  circuit 
ice  through  the  ground  to  the  ground  wire,  and  through 
neter   to   the   negative   bus-bar,    causing    the  voltmeter 


>mething  below  i 


<ry Circuit 


\a,oao  ohms,  of  which 

iistance  of  the  ground 

voltmeter  had  read  only  20  the  total 


the  ground  at  a  were  practi- 
cally a  perfect  connection,  in 
which  case  the  vol!  meter  reading 
would  be  100.  If  the  positive 
side  of  the  system  were  entirely 
free  from  grounds,  the  voltmeter 
reading  would  be  o. 

Assume  that  under  these  con- 
ditions the  voltmeter  reads  50, 
and  that  the  resistance  of  the 
voltmeter  itself  was  20,000  ohms, 
it  will  be  evident  that  if,  with  no 
external  resistances,  as  when  con- 
nected  dirccdy  to  the  bus-bars, 
the  voltmeter  reads  100,  while 
now  it  reads  50,  the  total  resist- 
ance under  the  new  conditions 
J,ooo—  20,000=  20,000  ohms  must 


>uld 


Ground  Detectors  for  Ordinary  Low-voltage  Three-phase 
ig-current  Circuits.  —A  lamp  detector  connected  as  in 
nay  be  used.    The  indi- 


Th 


that  v 

detectors    described 

when   a   ground 

\,  the  li 


that  wire  dims  and  the 
■  brighten. 

rdinary  two-phase  (or 
base)  systems,  where 
s  are  entirely  insulated 
h  other,  the  two-lamp 
can  be  used,  one  delcc- 
Lch  phase.  There  are, 
in  this  class  of  wiring 
iplicated  systems,  lo 
'the  lamp  detector  prindplt 
differs  i 


83. — Three-phase  la 


■sting  of  lighting  fixtures  prior  to  ins«i\\»X\wii  • 
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best  accomplished  with  a  voltmeter,  Fig.  83.  The  test  for  shsr  (;. 
circuit  and  continuity  is  illustrated  at  J.  If  the  voltmeter  da  .1 
not  give  a  reading  with  the  lamps  out  of  the  sockets,  the  fiitui  fe 
wiring  is  clear  of  short-circuits.  After  the  test  for  short-circuil  i 
has  been  made  each  socket  is  short-circuited  with  a  metal  objee  ij 
— a  screw-driver  is  frequently  used — and  if  the  voltmeter  indic&G  fc 
the  full  voltage  of  the  circuit  each  time  a  socket  is  short-circuital  s 
it  signifies  that  the  circuit  to  that  socket  is  continuous.  i: 

The  fixture  can  be  tested  for  grounds  as  at  Fig.  83,  II.  1  & 
there  is  no  deflection  of  the  voltmeter  with  one  lead  from  till  - 
voltmeter  touching  the  metal  work  of  the  fixture  and  the  aths  i 
successively  each  of  the  fixture  conductors,  the  fixture  is  clear  d  t 
grounds.  Be  certain  that  one  voltmeter  terminal  is  in  actutl 
contact  with  the  metal  work  of  the  fixture  and  not  insulated  there- 
from by  the  lacquer  finish.  This  test  should  be  made  with  thelamps  ,■ 
out  of  the  socket.  [ 


148.  The  measurement  of  the  power  in  a  single -phase  circuit 
is  described  in  a  preceding  paragraph. 

148  A,  Power  in  a  two-phase  system.  In  the  four-wire  circuit 
each  phase  is  treated  as  if  it  were  a  separate  circuit  and  tie  total 
power  is  equal  to  the  arithmetic  sum  of  readings,  Pi  and  Pa.  In 
the  three-wire  circuit  the  total  power  is  equal  to  tie  algebraic  sum 
of  the  wattmeter  readings.    That  is: 

Total  power=Pi-r-Pj  in  watts. 

149.  Power  in  three-phase  circuits  can  be  measured  with 
wattmeters  by  several  different  methods.     See  Fig.   84.     At  J  a 

-  polyphase  wattmeter  is  shown.  An  instrument  of  this  type 
automatically  adds  the  portions  of  power  consumed  in  each 
phase  and  indicates  their  sum.  Instruments  made  by  different 
manufacturers  are  arranged  differently  and  must  be  connected 
accordingly.  Directions  accompany  each  instrument.  Diagrams 
'""  and  III  show  how  the  power  can  be  measured,  in  a  balanced 
wfy  with  one  wattmeter.  One  pressure  \eaji  is  connettai  \js 
le/m  which  the  wattmeter  is  inserted  and  tt«  otbei  pmsw 
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id  is  connected  successively  to  lite  other  two  lines.  The  lolal 
;,ii  in  J  is  equal  to  lite  sum  or  difference  of  the  two  readings.  If 
sisters  are  used  as  i nd lVated  in  ///,  the  power  can  be  ascertained 
ithout  any  shifting  of  leads.  The  wattmeter  reading  of  III 
ulliplied  by  3  will  be  the  true  power  in  a  balanced  circuit.  The 
distance  of  each  of  the  resistors  R  and  R  must  be  equal  to  the 
distance  of  the  potential  or  voltage  coil  of  the  wattmeter. 
With  two  wattmeters  (as  in  Fig.  84,  IV)  the  total  power  is 
iual  to  the  (sum  or  difference)  of  the  two  wattmeter  readings.  If 
le  power  factor  is  greater  than  0.50  the  total  power  is  their  arith- 
metical sum  of  the  readings.  If  it  is  lower  than  0.50  one  of  the 
eadings  is  negative  and  [he  power  is  (heir  arithmetical  difference. 


WithT™  Single- P 


a  whether  one  of  the  watt- 
meters i>  reading  negative,  temporarily 
transfer  the  connection  of  one  of  the 
polenli.d  wires  (for  example  e  in  IV,  as 
shown  by  'he  dotted  line)  from  the  mid- 
He  wire  to  the  outside  wire,  II  i's  wattmeter  reverses,  one  of  the 
llstniments,  that  of  the  les-^r  n>'.'.  ation,  is  reading  negal  kt.-ly . 
The  nature  of  the  load  u-ualiy  ci;;.  ■'■■■$  one  to  judge  roughly  what 
he  power  factor  is.  Willi  inrand^renl.  lamps  and  fully  loaded 
notors  the  power  factor  will  be  high,  but  with  tinder  and  lightly 
oaded  motors  it  is  likely  to  be  low.  Sec  i£i  for  method  of  deter- 
mining  the  power  factor  of  three-phase  circuits  with  wattmeters. 

150.  Tke  methods  of  measuring  the  power  factors  of  cir- 
aiits  are  described  ir>  other  paragraphs. 

151.  The  method  of  determining  three-phase  power  factor 
nth  wattmeters  was  well  den-rilii-d  l.y  V.  K.  Howell  in  Electrical 
Vorld.  It  is  necessary  to  know  the  power  factor  in  order  to  con- 
ect  watt-hour  meters  correct ly  where  the  wiring  is  concealed, 
m  abstract  follows: 

Fig.  85  shows  the  power-factor  curve  for  two  single-phase 
leters  on  a  polyphase  circuit.  It  also  gives  a  diagram  of  connec- 
ts and  instructions  as  to  how  to  use  the  curve.  The  figure 
liould  be  self-explanatory.  Fig.  86  gives,  first,  a  method  of 
decking  results  obtained  by  employing  the  curve  given  in  Fig.  85 
nda  diagram  ol  the  coimi\t'u>n~  for  lihtainrng  data,  lor  T.W  vke<?t- 
he  second  part  of  Fig.  86  gives  a  method  ol  deVetTO\m«%  ,i« 
■reet  connections  toe  two  single-phase  meters,  01  one,  ^oVjvYiaBR 
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meter,  on  a  three-phase  circuit  If  this  part  of  Fig.  86  is  emplo 
errors  in  meter  connections  on  three-phase  circuits  due  to 
power  factor  being  near  50  per  cent,  should  be  a  minimum. 

To  illustrate  trie  use  of  the  above  instructions:  A  100- 
thrce-phase,  440-volt  induction  motor  was  operating  on  30  per  1 
full-load  or  40  h.p.  {29.8  kw.)  at  60  per  cent,  power  factor  (a 
ward  determined)  when  an  order  "came  through"  to  place  a) 
phase  watt-hour  meter  on  the  installation.  Immediately  : 
the  meter  had  been  connected  the  following  question  was  as 


- II      a 

-  — 

-  f— f  #*-Zi 

^ 

_.      1            \      _4m_£2_ 

■3&G>cU,'f                  _^4o 

j^              SO 

4*                                 l0 

.  trailer Wm.fa 
IT  by  hratr  ryading.  Fintlttk 


Cofeli:-Ore  'lodirig  iwgotivi  - Divide  ntgafivrbyposrfii*rtoding.finiSj 
on  Itftsidc  ofctntrr  /intabovs.  Follow  up  the  ort/inottof  this  point  to  its  in 
action  with  cwv*.  Opposite  this  on  ctnttr  tint  find  corresponding  %ooyitr  1 

Pig.  8s.— Power  factor  curve. 

"Should  the  light  element  add  to  or  subtract  from  the  r. 
element;  that  is,  is  the  power  factor  above  or  below  50  per  ce 
As  the  meter  leads  were  incased  in  pipe,  they  could  not  be  tr 
therefore  the  instructions  in  the  second  figure  pertaining  to 
point  were  applied.  The  connected  load  of  the  motor  having 
thrown  off,  it  was  found  that  one  element  of  the  meter  gf 
negative  reading.  Sufficient  load  was  then  put  on  to  brinj 
motor  to  about  80  per  cent,  of  its  full-load  rating.  Each  ele 
of  the  meter  (taken  separately)  now  read  positively,  but  the 
ment  which  on  no-load  gave  a  negative  reading  on  80  per 
load  read  lower  than  the  heavy  element.  The  meter  had 
correctly  connected  irhen  installed.  Later  \»lk  mevhtxls,  1 
Mfiovc  to  determine  the  power  factor  of  a  thieo-phase  <aitoi1 
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lied  and  both  gave  approximately  60  per  cent,  power  factor 
30  per  cent,  load). 

$3.  To  correctly  read  the  consumption  indicated  on  the 
s  of  a  recording  watt -hour  meter  (sometimes,  but  erroneously, 

;ii  a  record] uk  '.v;iti  ii'icii-r;  tin--c  .lirei  1  ion-;  ;.|c  add  be  j .  j  1 1  ..'.■..:- 1 1 : 
Ics  and  Regulations  of  ike  Commonwealth  Edison  Co.,  Chicago.) 
Fig.  87  for  examples. 


ABC        ri,?Sr:-0i-7-'?!:: 


jy.'.TTL-.,: 
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Element*  ' 
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lot. 
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jraw.-L^ta.w  V.v:  ■•h~e  Current  of m 
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Ammeter in <?~A  totfat  offheAmmetirm 
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/;l  the  rSfcm  eefiveen  Phases 
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-ra'C&etxtfy.  The  Single  - 
h  read pegstirety  on/tatd 
'utnofas  high  dsmetdh  or 


lor  ia  belovi 
Pic.  Bfl.— CI 


ie  pointer  on  the  right-hand  dial  of  a  five-dial  meter  registers 

ine-lcnlh)  of  .1  kill  oval  [.-hour  or  100  wait-houri  for  cadi  divi- 
of  the  dial.  A  complete  revolution  of  (he  hand  of  this  dial  will 
e  the  hand  of  the  second  dial  one  division  and  register  1  (one) 
ir.  or  1,000  watt-hr.  A  complete  revolution  of  the  hand  of 
couid  dial  will  move  the  third  hand  r  (one)  division  and  register 
w-hr.  or  10,000  watt-hr.  and  so  on. 

ic.ordingly,  read  ihc  hands  from  left  to  right  and  add  2  (two) 
ers  to  the  reading  of  the  lowest  dial  to  obtain  the  reading  of 
meter  in  watt-hours.  Where  there  are  4  dials  on  the  meter, 
pointer  on  the  right-hand  dial  registers  1  kiv-hr.  or  t,ooo  watt- 
or  each  division  of  the  dial,  and  ii  i;  necessary  to  add  3  (three) 
;rs  to  the  reading  of  the  lowest  dial  to  obtain  the  reading  in 
-hours,  or  the  meter  reads  direelly  in  I;  ilowatt-houts. 
.-!  should  always  be  read  as  indicating  the  t^uit  VtivJa 
tire  last  passed,  and  not  the  one  to  which  they  mis  neaxesfc. 
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Thus,  if  a  hand  is  very  close  to  a  figure,  whether  it  has  pas; 

figure  or  not  must  be  determined  from  the  next  lower  dial  | 
he  hand  of  the  lower  dial  has  just  completed  a  revolution,  the  hi! 
f  the  higher  dial  has  passed  the  figure,  but  if  the  hand  of  I 
>wer  dial  has  not  completed  a  revolution,  the  hand  of  the  higtafl 

dial  has  not  yet  reached  the  figure,  even  though  it  may  appeal ' 

have  done  so. 


When  i  (one)  pointer  is  on  o  (nine),  special  c 
that  the  pointer  on  the  neit  higher  dial  is  not  read  too  hij 
will  appear  to  have  reached  the  next  number,  but  will  11 
done  so  until  the  hand  at  o  (nine)  has  come  to  zero. 

The  hands  on  adjacent  dials  revolve  in  opposite  dii 
Therefore  a  reading  should  always  be  checked  after  being 
down,  as  it  is  easy  to  mistake  the  direction  of  the  rt 

To  determine  the  consumption  for  a  given  tim 
reading  at  the  beginning  of  the  period  from  the  reading  at  the  eni 
Always  observe  if  a  constant  is  marked  at  the  bottom  of  the  di 
plate.  If  so,  the  difference  of  the  readings  must  be  multiplied  t 
this  constant  to  obtain  the  consumption. 

153.  Test  to  Determine  the  Horse-power  of  anElectricMoto 
— Applying  the  principles,  outlined  elsewhere  in  this  section,  10 
motor  under  test  for  output,  the  power  delivered  being  measun 
with  a  prony  brake,  Fig.  88,  may  be  taken  as  an  example, 

Examplt.— The  torque  fa  10  lb.  at  3  ft.  radius,  or  30  lb-ft.,  or  30  lb.  at  I ! 

1 ■'-..r  pulley  is  turnii:  ■-  "- -' 

vef»a.rR-jX3. 


,  subtract  tl 


Sacs,  a 


:e  the  1 


of  3 


island  of  30  fbf  "¥£« 


e  ot  »,w 


.  tv\\ 
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is  developed,  the  motor  is  delivering  188,400 -s- 33,000  »5«7  h.p.  It 
I  be  noted  that,  though  the  torque  at  the  circumference  of  the  motor 
'  was  considered  in  the  example,  it  is  not  necessary  to  take  the  torque 
.t  point.    .  The  torque  may  be  taken  at  any  point  if  the  radius  to  that 

3l0? ^ 


Electric  Mcfofi...~9 
lOOOR.p.m. 

W/////f////Mf/W//)////'/fW//W//////7M7, 

Pig.  88. — Horse-power  determination  with  a  prony  brake. 

is  used  instead  of  the  radius  of  the  pulley.  The  formula  for  determin- 
le  horse-power  output  of  a  motor  under  test  with  a  prony  brake  is 

h.p.  «■  2  X  *TS  ■*-  33,000, 

5  x"*  3. 14 16,  r»  torque  in  pounds-feet  and  5  is  the  speed  of  the  motor 
rolutions  per  minute.  Substituting  the  values  from  the  above- example 
s  formula: 

h.p.  -  a  X3»I4X 30X1,000 -4-33.000 -5.7  h.p. 

is  is  the  same  result  secured  by  the  former  and  longer  method.  In 
ic  units,  work  is  expressed  in  kilogram-meters,  so,  conversely,  torque 
d  be  expressed  in  meter-kilograms  or  in  kilograms  at  a  given  radius  in 
rs. 

;4.  The  testing  of  motors  and  generators  for  faults  is  treated 
le  section  on  motors  and  generators  which  occupies  an  inde- 
lent  portion  of  this  book. 

PROPERTIES  AND  SPLICING  OF  CONDUCTORS 

;5.  Electric  Wire  and  Cable  Terminology. — (U.  S.  Bureau  of 
dards  Publication  No.  37.) 

'ire. — A  slender  rod  or  filament  of  drawn  metal.  (The  defini- 
restricts  the  term  to  what  would  ordinarily  be  understood  by 
term  "solid  wire."  In  the  definition,  the  word  "slender"  is 
I  in  the  sense  that  the  length  is  great  in  comparison  with  the 
ieter.  If  a  wire  is  covered  with  insulation,  it  is  properly  called 
Insulated  wire;  while  primarily  the  term  "wire"  refers  to  the 
ed,  nevertheless  when  the  context  shows  that  the  wire  is  insu- 
i  the  term  "wire"  will  be  understood  to  include  the  insulation.) 
mductor. — A  wire  or  combination  of  wires  not  insulated  from 
another,  suitable  for  carrying  a  single  electric  current.  (The 
1  "conductor"  is  not  to  include  a  combination  of  conductors 
lated  from  one  another,  which  would  be  suitable  for  carrying 
ral  different  electric  currents.  Rolled  conductors,  such  as 
bars,  are,  of  course,  conductors,  but  are  not  considered  under 
terminology  here  given.) 

■randed  Conductor. — A  conductor  composed  of  a  grx>u\>  of.  we& 
ny  combination  of  groups  of  wires.     (The  wires  Vtv  a.  &\xaxkfa& 
factor  are  usually  twisted  or  braided  together.") 
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Cable. — (i)  A  stranded  conductor  (single-conductor  cable); 
(2)  a  combination  of  conductors  insulated  from  one  another  (mui 
pie-conductor  cable). 

The  component  conductors  of  the  second  kind  of  cable  may '. 
either  solid  or  stranded,  and  this  kind  of  cable  may  or  may  not  ha 
a  common  insulating  covering.  The  first  kind  of  cable  is  a  sing 
conductor,  while  the  second  kind  is  a  group  of  several  conducUn 
The  term  "cable"  is  applied  by  some  manufacturers  to  a  sol 
wire  heavily  insulated  and  lead  covered;  this  usage  arises  from  t 
manner  of  the  insulation,  but  such  a  conductor  is  not  included  und 
this  definition  of  "cable."  The  term  "cable"  is  a  general  one  ai 
in  practice  it  is  usually  applied  only  to  the  larger  sizes.  A  sm 
cable  is  called  a  "stranded  wire"  or  a  "cord,"  both  of  which  a 
defined  below.  Cables  may  be  bare  or  insulated,  and  the  latt 
may  be  armored  with  lead  or  with  steel  wires  or  bands. 

Strand. — One  of  the  wires  or  groups  of  wires  of  any  strand 
conductor. 

Stranded  Wire. — A  group  of  small  wires,  used  as  a  single  wii 
(A  wire  has  been  defined  as  a  slender  rod  or  filament  of  drav 
metal.  .  If  such  a  filament  is  subdivided  into  several  smaller  fil 
ments  or  strands,  and  is  used  as  a  single  wire,  it  is  called  "strand) 
wire."  There  is  no  sharp  dividing  line  of  size  between  a  "  strand* 
wire"  and  a  "cable."  If  used  as  a  wire,  for  example  in  windu 
inductance  coils  or  magnets,  it  is  called  a  stranded  wire  and  not 
cable.  If  it  is  substantially  insulated,  it  is  called  a  "  cord,"  defirn 
below.) 

Cord,  A  small  cable,  very  flexible  and  substantially  insulati 
to  withstand  wear.  (There  is  no  sharp  dividing  line  in  respe 
to  size  between  a  "cord"  and  a  "cable,"  and  likewise  no  sha 
dividing  line  in  respect  to  the  character  of  insulation  between 
"cord"  and  a  "stranded  wire."  Usually  the  insulation  of  a  coi 
contains  rubber.) 

Concentric  Strand. — A  strand  composed  of  a  central  core  su 
rounded  by  one  or  more  layers  of  helically  laid  wires  or  groups 
wires. 

Concentric  Lay  Cable. — A  single-conductor  cable  composed  of 
central  core  surrounded  by  one  or  more  layers  of  helically  la 
wires. 

Rope  Lay  Cable. — A  single-conductor  cable  composed  of  a  cent! 
core  surrounded  by  one  or  more  layers  of  helically  laid  group! 
wires.     (This  kind  of  cable  differs  from  the  preceding  in  that  t! 
main  strands  are  themselves  stranded.) 

N-Conductor  Cable. — A  combination  of  N  conductors  insulati 
from  one  another.  (It  is  not  intended*  that  the  name  as  here  givi 
be  actually  used.  One  would  instead  speak  of  a  "3-conduct 
cable,"  a  "  1 2-conductor  cable,"  etc.  In  referring  to  the  genei 
case,  one  may  speak  of  a  "  multiple-conductor  cable,"  as  in  defii 
tion  for  "Cable"  above). 

iV r -Conductor  Concentric  Cable. — A  cable  composed  of  an  insulati 

central  conducting  core  with  tubular  stranded  conductors  laid  ovi 

it  concentrically  and  separated  by  \ayexs  oi  msutaAion.     (Usui! 

only  2-conductor  or  3-conductor.    Such.  am&icXot*  wit 
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carrying  alternating  currents.  The  remark  on  the  expression 
"  N-conductor"  given  for  the  preceding  cklinkien  applies  here  also.) 

Duplex  Cable. — Two  insulated  single-conductor  cables  twisted 
together.  (They  may  or  may  not  have  a  common  insulating 
covering.) 

Twin  Cable. — Two  insulated  single- conduct  or  cables  laid  parallel, 
having  a  common  covering. 

Triplex  Cable— Three  insulated  single-conductor  cables  twisted 
together.  (They  may  or  may  not  have  a  common  insulating 
covering.) 

Twisted  Pair. — Two  small  insui.it  id  conductors  twisted  together, 
without  a  common  covering.  (The  two  conductors  of  a  "twisted 
pair"  are  usually  substantially  insulated,  so  that  the  combination 
is  a  special  case  of  a  "cord,") 

Twin  Wire. — -Two  small  insulated  conductors  laid  parallel,  hav- 
ing a  common  covering. 

155A.  The  weights  of  wires,  01"  the  metals  that  are  ordinar- 
ily used,  can  be  computed  for  wires  of  any  diameter  and  any 
length  with  the  following  formula,  by  using  values  from  Table  156. 

H^ftXcir.  milXl 

Wherein  JF  =  weight  in  pounds,  £  =  tonstant  from  156,  differing 
in  value  for  each  metal  and  equal  to  the  weight  of  a  cir.  mil -ft. 
of  the  metal,  D  =  the  diameter  of  the  wire  in  mils  or  thousandths 
of  an  inch  and  /  is  the  length  of  the  wire  in  feet. 

£  sample.— What  is  the  weight  of  a  bare  500,000  cir.-mil  copper  cable  5,000 
ft.  long? 

Solution.— SobMitute  in  the  formula: 

The  wire  will  weigh  3.030  lb.  ' 

156.    Weights  of  1  Cir.  Mil -ft.  of  Metals 


Met 

Weight  in 

i 

00000364 
00000264 

■it,:* 

157.  Wire  Gages. — Diameters  of  wires  are  usually  expressed 
according  to  some  wire  gage.  Unfortunately  there  are  many 
gages  originated  by  different  manufacturers  for  their  products. 
Wire  sizes  arc  referred  to  by  cajic  numbers  and,  usually,  the  smaller 
the  number  the  biirjri.T  the  wire.  The  ordinary  uses  of  the  different 
gages  are  indicated  in  161.  The  only  legal  gage  in  this  country 
19  the  U.  S.  Etandard  for  plate.  Wire- measuring  gages  (Figs. 
8g  and  90)  are  made  of  steel  plate.  With  the  kind  shown  i 
rig.  89  the  wire  being  measured  is  inserted  m  l\ie  Asrtam'C™. 
periphery  until  a  slot  is  Found  in  which  the  Vwe  yM*.%.\».  \Vi 
gage  number  is  indicated   opposite    the   slot.     A.   mcasosva^,  %a%«. ■ 
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like  that  of  Fig.  89  indicates  the  numbers  of  one  gage  or  systei 
only.  A  gage  like  that  of  Fig.  90  indicates  the  numbers  of  foil 
gages  but  has  the  disadvantage  that,  to  use  it,  the  end  of  th 
wire  must  be  available  to  push  through  the  slot.  The  wire  i 
pushed  as  far  toward  the  small  end  of  the  slot  as  it  will  go  an 
its  gage  number  will  be  indicated  opposite  the  point  where  th 
wire  stops.    The  gage  of  Fig.   90  is  arranged  to  indicate  gag 


32ndSsOfan  Inch.  English  Wire  Gauge 

illWIM  1 1  1 1 1 1 1 1  \         /  "/ 


n/|iii|i|i|fi'i'i'iiniiii»  v       r 

°^^y^nnn J  J        H 


A 


*) 


Fig.  89. — Standard  wire  gage 
(greatly  reduced). 


American  Standard  American 

Screw  Gauge  0to$0     Wire  Gauge* 

Front  Side  Back  Side 

Pig.  90. — Angular  wire  gage 
(greatly  reduced). 


numbers  for  the  American  Screw  Gage,  English  Wire  Gage,  Ame 
ican  Wire  Gage  and  one  scale  is  divided  into  32nds  of  an  inch. 

158.  Wire  gage  systems  and  wire-measuring  gages  are  incoi 
venient  and  confusing  and  the  practice  of  measuring  wires  an 
plates  with  a  micrometer  (Fig.  91)  is  becoming  prevalent.  Son 
concerns  now  make  a  practice  of  specifying  the  diameters  of  a 
wires  in  thousandths  of  an  inch  and,  doubtless,  the  practic 
will   ultimately    become    universal.    The    micrometer    measur* 


Thumb  Screw         index  line 


I  Circular  Scale    /  .   Anvil, 


Collar.     40Threads  per  Inch 


\ 


Collar  /  ShahK    ^S  J 
Shaft  Scale         \^^jr 

Side  Elevation  Partial  Longitudinal  Section 

Fig.  91. — A  micrometer  caliper. 

very  accurately  to  thousandths  of  an  inch  and  ten  thousandth 

can  be  estimated.    The  wire  to  be  measured  is  placed  betwee 

the  thumb  screw  and  the  anvil  (Fig.    91)    and  the  screw  turne 

until  the  wire  is  lightly  held  between  the  screw  and  the  anvi 

The  screw  has  40  threads  to  the  inch  so  that  one  complete  tut 

of  the  screw  in  a  left-handed  direction  will  open  the  micromete 

A  of  an  inch.    On  the  edge  of  the  collar  is  a  circular  scale  divide 

into  25  divisions,  hence,  when  the  screw  is  turned  through  one  0 

these  divisions,  the  micrometer  will  open  -fa  in.  X^V  ^^nftnj  *■ 

The  s/eaft  on  which  the  collar  turns  is  marked  into  tenths  of  ai 

inch  and  each  j*$  is  subdivided  into  lout  parte.    lLa.OoL  oi  \fc«a 

]arts  must    be   equal    to    -&  in.   by  \  io.~-£s  Yeu— o.*aO 

here/ore  a  complete  rotation  of  the  cottar  or  i*>  <A  \\&  SBlnSsa 

^  equal  one  division  of  the  shaft  or  0.02$  Va, 
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159.  To  read  a  micrometer  (see  Fig.  92  and  the  paragra 
above)  note  the  number  on  the  circular  scale  nearest  the  itu 
line.  This  indicates  the  number  of  thousandths.  Note  the  nu 
her  of  small  divisions  uncovered  on  the  shaft  scale.  Each  one 
these  small  divisions  indicates  o.  025  in.  (i^fo).  Add  together  1 
number  of  thousandths  indicated  on  the  circular  scale  and  0.025 
the  number  of  small  divisions  wholly  uncovered  on  the  shaft  sc« 
The  sum  will  be  the  distance  that  the  jaws  are  apart. 

Examples  are  shown  in  Pig.  92. 


Circular  Scah  -Ml       Circular  Scale  -•0/2     Circular  Scale  ->006 
Shaft  Scab    -J0OO      Shaft  Sca/e-6K.025      Shaft  Scale  *IOx.a 

•^^ps^^^^^MM^HM^B^^^^i^B^^  ^gi^M^^^MaMaMaaMaaH^^^i^^^  ^^B^^^^^^bmo^hm^^^h^^b^h^hvb^^^h 

Reading      j02I  Reading  -j087         Reading  -. 255 

Fig.  92. — A  micrometer  caliper. 


160.  The  moat  important  of  the  different  gages  that  are 
use  in  this  country  are  indicated  -  by  numerical  comparison 
Table  164.  Some  of  these  gages  are  known  by  several  nan 
The  different  names  for  each  gage  system,  their  abbreviate 
and  the  materials  ordinarily  measured  by  each  are  indicated 
table  162. 


z6z.    Tensile  Strength  of  Pure  Copper  Wire  in  Pounds 


Size. 
B.&S. 


Hard  drawn 


1 

< 


Annealed 


1 

o 

< 


a 


CO 

CO    • 


Hard  drawn 


Annealed 


8,260 
6,550 
5.440 
4*530 

3,680 
2,970 


49,700 
49,700 
52,000 
54,600 

56,000 
57,000 


5,320 
4,220 
3,340 
2,650 

2,100 
1.670, 


2,380  57,6oo    .1,323 


32,000 

32,000 
32,000 
32,000 

32,000 
32,000 
32,000 


1,000 I 58,000 

1,S80I60,800 
I,300 163,000 


1,0501  32,000 

8*41  34.000 
34»ooo 


7 
8 

9 
10 

12 

:* 


18 
20 


1050.0 
843.0 
678.0 
546.0 


64,200 
65,000 
66,000 
67,000 


343.0  67,000  \\tvo\t»v 
219.0  \6fc,ooo  XvLo.oX-i^ 
138.0  \  6%,ooo  \   6%.<A:}> 

86.7\6&,ooo 
68.  &\  6%  ,000 
54-7  \6ft,ooo 
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Different  Names,  Abbreviations  and  Uses  of  the  Principal 
Wire  and  Sheet  Metal  Gages 


in  No. 
)le  164 


Common  name 
and  abbreviation 


Other  names  and 
abbreviations 


Ordinarily  used  for 
measuring 


Brown  &  Sharpe 
(B.  &  S.). 


Birmingham 
(B.  W.  G.). 


Trenton. 


American  Screw. 


New  British 
Standard  (N.  B. 
S.). 


Washburn    & 
Mohn     (W. 
M.). 


& 


American     Wire 
Gage  (A.W.  G.). 


United    States 
Standard. 

American  Stand- 
ard Wire  Gage. 


Stubs  Iron  Wire 
Gage  (Not  Stubs 
Steel  Wire  Gage). 
Old  English 
Standard    (Not 
English   Stand- 
ard). 
Iron  Wire  Gage. 


Standard      Wire 

Gage(S.W.  G.). 
British  Imperial 

(I.  W.  G.). 
English    Legal 

Standard  (S.  W. 

G.). 
British  Standard. 

Roebling. 
American    Steel 

and  Wire  Co's. 

Iron  Wire  Gage 

(A.  S.  W.). 
G.    W.  Prentiss 

Gage,  Holyoke, 

Mass. 


Almost  universally 
used  in  America  in 
lighting  and  power 
practice  for  measur- 
ing bare  and  insu- 
lated copper  wire  un- 
der i  in.  in  diameter. 

All  electrical  wires  and 
rod  except  those  of 
iron  and  steel. 

All  metal  plates  ex- 
cept those  of  copper, 
iron,  steel  and  zinc 

Thickness  of  wall  of 
brazed  brass,  zinc 
and    copper    tubing. 

Galvanized  iron  and 
steel  wire. 

Norway  iron  wire. 

Iron  rivets,  copper 
rivets. 

Thickness  of  wall  of 
all  seamless  tubing 
except  iron  and  steel. 

Sometimes  used  by 
A.  T.  &  T.  Co.  for 
bare  copper  tele- 
phone     line      wire. 

Sheet  copper. 

Trenton  Iron  Works 
iron  wire.  Quite 
similar  to  Washburn 
and  Mohn  Gage. 
Seldom  used. 

Numbered  sizes  of 
wood  and  machine 
screws,  particularly 
those  smaller  than 
0.2421  in.  (No.  14). 

Seldom  used  in  Amer- 
•  ica  in  lighting  and 
power    practice. 

Used  by  some  Amer- 
ican telephone  and 
telegraph  companies 
for  bare  copper  line 
wire. 

Iron   and   steel   wire. 

Sometimes  used  for 
galvanized  iron  tele- 
phone and  telegraph 
wire. 

Wire   nails. 

Brass  and  iron  escut- 
cheon. "PVTU&. 
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i .    Different  Names,  Abbreviations  and  Uses  of  the  Principal 
Wire  and   Sheet  Metal  Gages  (Continued) 


ilumn  No. 
Table  164 

Common  name 
and  abbreviation 

Other  names  and 
abbreviations 

Ordinarily  used  for 
measuring 

7 

London  Gage 

Old  English  (Not 
Old  English 
Standard),  from 
Brass  Manufac- 
turers list. 

■  For  brass  wire,  but  sel- 
dom used. 

8 

Stubs  Steel  Wire 
Gage. 

(Not  Stubs  Iron 
Wire  Gage). 

Drill  rod. 

9 

Steel  Music  Wire 
Gage    (M.    W. 
G.). 

Hammacher  & 
Schlemmer  (H. 
&  S.). 
Felten   &    Guil- 
leanme(F.  &G.). 

Steel  music  wire. 

TO 

United         States 
Standard  (U.  S. 
S.). 

■ 

Iron  and  steel  plate. 
This     is     the     legal 
standard  in  America 
for   these   materials. 

163.    Equivalent  Cross -sections  of  Wires 

Brown  &  Sharpe  Gage 

tuivalent 

Number  of  wires  of  various  sizes 

section 

2 

4 

8 

16 

32 

64 

128 

0000 

000 

00 

0 

1 
2 

3 
4 
5 

6 

7 
8 

9 
10 
II 

12 
13 
14 

IS 
16 

17 

18 

One  each 

1  and  3 

0 

I 

3 

4 
5 

6 

7 
8 

9 
10 
11 

12 
13 
14 

IS 

16 
17 

18 

2  "     4 

3  **     5 

4  "     6 

3 
4 
5 

6 

7 
8 

9 
10 
II 

12 

13 

14 

IS 

16 
17 

18 

5  "     7 

6  "     8 

7  "     9 

6 

7 
8 

9 
10 
11 

12 
13 
14 

IS 
16 

17 

18 

•  • 

•  • 

8  **   10 

9  "   11 
10     "  12 

9 

ro 
11 

12 
13 
14 

IS 
16 

17 

18 

•   • 

•  • 

•  • 

•  • 

••• 

it     "   13 

12  "   14 

13  "   IS 

12 
13 
14 
15 

IS 
16 

17 
18 

18 

•  • 

•  • 

•  • 

•  • 

•  • 

•  t 

•  • 

•  • 

•  • 

14  "   16 

15  "    17 

16  "   18 

•   • 

xample.— -Two  No.  4,  eight  No.  10  and  32  No.  16  are  all  equivalent  to  a 
s-section  of  one  No.  1. 

lore  current  can  be  carried,  with  the  same  temperature  rise, 
using  divided  circuits.    The  greater  the  number  of  divided 
uits,  for  the  same  equivalent  cross-section,  tne   gceaAet   >&\fc 
Tont  of  current   that  the  combination   can  caxt^.    CoMaNfc. 
te  170  for  safe  carrying  capacities  of  individuaV  eo^v^cXot^. 
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164.    Comparison  of  Wire 

Dimensions  in  mils  or 


X 

2 

A 

4 

5 

Gage 

American. 

Birmingham 

Trenton 

American 

British 

No. 

B.  &  S. 

Stubs. 

Screw 

Imperial 

7-0 

1 

1 

500.0 

1      w 

6-0 

■ 

464.0 
432.0 
400.0 
373.0 

5-0 

450.0 
400.0 
360.0 

4-0 

460.0 

454.0 

3-0 

409.6 

425.O 

31.5 

2-0 

364.8 

38O.O 

330.0 

447 

348.0 

0 

3249 

340.0 

305.0 

57.8 

324.0 

1 

289.3 

300.0 

285.0 

71.0 

300.0 

2 

257.6 

284.O 

265.0 

84.2 

276.0 

3 

3294 

259.0 

3450 

97.3 

252.0 

4 

204.3 

238.0 

225.0 

no. 5 

232.0 

5 

181. 9 

220.0 

205.0 

123.6 

212.0 

6 

162.0 

203.0 

190.0 

136.8 

192.0 

7 

1443 

180.0 

*750 

150.0 

176.0 

8 

128.5 

165.O 

160.0 

163. 1 

160.0 

9 

114. 4 

I48.O 

145.0 

171. 3 

1440 

10 

101.9 

134-0 

130.0 

1894 
202.6 

128. 0 

11 

90.7 

120.0 

117. 5 

116. 0 

12 

80.8 

109.0 

105.0 

215.8 
228.0 

104.0 

13 

72.0 

95.0 

92.5 

02.0 

80.0 

14 

64.1 

83.O 

80.6 

242.1 

IS 

57.1 

72.0 

70.  a 

255.2 

72.0 

16 

50.8 

65.O 

61.0 

268.4 
281.6 

64.0 
50.0 

17 

45.3 

58.0 

52.5 

18 

40.3 

49.0 

45.0 

3947 

48.0 

19 

359 

42.0 

40.0 

307.9 

40.0 

20 

32.0 

35-0 

350 

321.0 

36.0 

21 

28.5 

32.0 

31.0 

3342 

32.0 

22 
33 

253 
22.6 

28.0 
25.0 

28.0 

25*0 

347.4 
360.5 

28.0 
24.0 

24 

20.1 

22.0 

22.5 

373.7 

22.0 

25 

179 

20.0 

20.0 

386.8 

20.0 

26 

159 

18.0 

18.0 

400.0 

18.0 

27 

14.2 

16.0 

170 

413.2 

X6.4 

28 

12.6 

14.0 

l6.0 

426.3 

148 

29 

11. 3 

13-° 

15.0 

4395 

13. 6 

30 

10. 0 

12.0 

14.0 

452.6 

12. 4 
11. 0 

31 

8.9 

10. 0 

13.0 

465.8 

32 

.7-9 

9.0 

12.0 

479.0 

10.8 

33 

7.1 

8.0 

II. 0 

493.x 

n. 0 

34 

6.3 

7.0 

10. 0 

505.3 

9.2 

35 

5-6 

5.0 

95 

518.4 
531.6 

it 

36 

5.0 

4.0 

9.0 

17 

8.5 

5448 
557-9 

571. 1 
584.2 

6  8 

O  f 

38 

10 

4-0 

3.  5 

8.0 

6  0 

7.5 

^0   •   w 

5.2 

4.8 

40 

3.1 

ff    *  «J 

7.0 

165.    How  to  Remember  the  Brown  &  Sharpe  Wire-gage  Table 

(Westinghouse  Diary) . — A  wire  that  is  three  sizes  larger  than  another 
wire  has  half  the  resistance,  twice  the  weight  and  twice  the  area. 
A  wire  that  is  ten  sizes  larger  than  another  wire  has  one-tenth  the 
resistance,  ten  times  the  weight  and  ten  times  the  area.  No.  10 
wire  is  o.  10  in.  in  diameter  (more  precisely  o.  102);  it  has  an  area 
of  10,000  cir.  mils  (more  precisely  10,380);  it  has  a  resistance  of  1 
ohm  per  thousand  feet  at  20  deg.  cent.  (68  deg.  fahr.) ,  and  weighs  32 
lb.  (more  precisely  31.4  lb.)  per  thousand  feet. 
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eet  Metal  Gages 

iths  of  an  inch 


7 

8 
S.W.G. 

9 

10 

Old  English 

H.,  S.&Co.  "F.&G." 

U.  S. 

Gage 

London  Gage 

Steel  Music  Wire  Gage 

Stand. 

No. 

500.0 

7-0 

468.7 

437-5 
406.2 
375.0 

#      w 

6-0 

5-0 

454-0 
435.0 

4-0 
3-0 
2-0 

380.O 

8.7 

343  •  7 

340.0 

93 

312.5 

0 

300.0 

227.0 

9.8 

281.2 

1 

284.0 

219.0 

10.6 

265.6 

2 

2590 

2x2.0 

11. 4 

250.O 

3 

238.0 

207.0 

12.2 

234-4 

4 

220.0 

204.0 

138 

218.7 

5 

203.0 

201.0 

15.7 

2035 

6 

180.0 

1990 

17.7 

187.5 

7 

165.O 

i97.o 

19.7 

171. 9 

8 

I48.O 

194-0 

21.6 

156.2 

9 

134-0 

191. 0 

23.6 

140.6 

10 

120.  0 

188.0 

26.0 

125.0 

11 

109.0 

185.0 

28.3 

109.4 

12 

95-0 

182.0 

30.3 

937 

13 

83.O 

180.0 

32.3 

78.1 

14 

72.0 

178.0 

34-2 

70.3 

15 

65.O 

175.0 

36.2 

62.5 

16 

58.0 

172.0 

38.2 

56.2 

17 

49-0 

168.0 

40.0 

50.0 

18 

40.0 

164.0 

42 . 0 

437 

19 

350 

161. 0 

•     44-0 
46.0 

375 

20 

31.5 

157.0 

344 

21 

295 

1550 

48.0 

31.2 

22 

27.0 

1530 

510 

28.I 

23 

25.0 

151. 0 

550 

25.0 

24 

23.0 

148.0 

59.0 

21.9 

25 

20.5 

146.0 

63.0 

18.7 

26 

18.75 

143.0 

67.0 

17.2 

27 

16.5 

1390 

71.0 

156 

28 

15.5 

134-0 

74.0 

14. 1 

29 

1375 

127.0 

78.0 

12.5 

30 

12.25 

120.0 

82.0 

10.9 

31 

11.25 

II5-0 

86.0 

10. 1 

•       32 

10.25 
9.5 

112. 0 

94 

8.6 

33 

34 

13 

37 
38 
39 
40 

1 10.0 

9.0 

108. 0 

7-8 
7.0 

37  •  v 

7.5 

106.  O 

#    •  O 

6.5 
5  75 
50 

4-5 

103.0 
IOI.O 

#    •  v 

6.6 

6.2 

99.0 
97.0 

reight  of  1,000  ft.  of  No.  5  wire  is  100  lb.  The  relative 
f  resistance  (for  decreasing  sizes)  and  of  weight  and  area 
reasing  sizes)  for  consecutive  sizes  are:  0.50,  0.63,  0.80, 
25,  1.60,  2.00.  The  relative  values  of  the  diameters  of 
sizes  of  wire  are:  o.  50,  o. 63, p. 80,  1 . 00,  1 .  25,  1 . 60,  2. 00. 
resistance,  drop  one  cipher  from  the  number  of  circular 
e  result  is  the  number  of  feet  per  ohm.  To  fcA  ^es^s^ 
ir  cfrhers  from  the  number  of  circular  m\\s  &M.  tc^Xa^Vj 
eight  of  No.  10  wire. 
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166.    Table  of  Wire  Cablet. 
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167.    Allowable  Current-carrying  Capacity  of  Copper  Wires.— If 

there  is  too  much  current  in  a  given  conductor  it  will  become  so  hot 
that  it  will  be  unsafe  or  may,  if  insulated,  damage  its  insulation. 
Certain  safe  current  values  have  been  determined  for  different  size 
conductors  and  some  are  listed  in  Table  170.  Less  current  is  per- 
missible in  rubber  insulated  wires  than  in  wires  insulated  witb 
other  materials  because  relatively  small  temperature  rises  may  in- 
jure rubber  insulation.  For  interior  wiring,  the  National  Elec- 
trical Code  values  should  be  used,  unless  local  municipal  rules  similar 
to  the  Chicago  Rules  are  mandatory.  A  50  deg.  fabr.  rise  in  tempera- 
ture ts  permissible  in  bare  line-wires  suspended  in  air.  The  Gen- 
eral Electric  Co.  values  indicate  what  that  concern  recommends 
as  safe  practice,  with  an  initial  temperature  of  so  deg.  cent 
'68.  Slow- burning  weather-proof  conductors  IS\».  <}£>  ut» 
sometimes  used  for  interior  exposed  wiring  m  daxop  iarV  ^a.«&, 
where  there  are  corrosive  vapors  where  trie  vo\t«.g,e  does  not  ex«*fi 
**     They  arc  cbe-aper  than  iTjbber-ina>Jl».te&  cemdwanr*.   "» 
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sulatbn  consists  of  an  inner  weather-proof  coating  and  an  outer 
re-resisting  coating.  The  rode  requires  that  the  fire-resisting 
>ating  be  A  the  thickness  of  the  entire  coaling.  To  meet  this 
Midi  lion  the  manufacturers  use  one  weather-proof  braid  and  two 
-e -resisting  braids.  The  fire- resisting  compound  consists  of  a 
ixture  containing  white  lead,  oxide  of  zinc,  chalk,  or  some 
milar  substance.  The  outer  braid  is  rubbed  smooth  on  the 
1 1  side.  The  manufacture  of  slow-burning  weather-proof  con- 
ictors  has  been  discontinued  by  some  manufactures  and  they  arc 
jw  seldom  used. 

Wires  with  a  fire-resisting  outer  costing  have  the  advantage 
lat  dust  and  lint  do  not  readily  adhere  to  their  outer  surfaces,  as 
often  the  case  with  weather-proofed  braids,  \\  dust  doc=,  csfiert. 
can  be  easily  swept  off.  Slow-burning  weather -\itocA  V\ifc\ 
aapar  than  slow-burning  "wire.  It  is  not  suitable  tot  wrt-<»V-4wn 
■,ce.     See  Table  177  for  properties. 
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le  basis  of  Dr.  Matthieien'a  standard,  namely,  1 
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170.    Allowable    or    Safe    Carryiaj 
1  Voltage,  drop  is  sat  taken  into  account  in  tlu 
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170A.    The  allowable  or  safe  current-carrying  capacity  of 

aluminum  wire  is,  where  the  wire  is  insulated,  specified  in  the 
Nat.  Elec.  Code  as  84  per  cent,  of  the  values  for  copper  wire  (with 
the  same  insulation)  which  are  given  in  Columns  A  and  B  in  170. 
ifi.  Slow-burning  conductors  (Fig.  9  si  »■«  to»l!w)i»A  «i«h 
three  braids  impregnated  with  a  fire-resisting  co!KpQ'iT,*>  tt»  wns 

tfot  is  used   on   slow-burning    weather-piaol   <»** '""      'v'" 

*™ "pproved  (N.E.C.)  forinl     '      A  ""'"" 


exposed  wAn&&,  to  &ry  ?\io 
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Capacity  of  Copper  Wires,  Amperes 

0«dBjj£fe£,to«|M. 

Naw  Olaol.t* 

«~~~ 

T„p]t 

'j°££ 

"fH^- 

atg- 

Tabl* 

of 

:H 

PI 

lis 

46 

,! 
1 

| 

1.670 

in 

Mj 

3! 

I; 

lit 

j 

H 
1; 
»■ 

F 

for  fliturc  and  signal  wiring  *n\  pendant  <;: .'.:. 

where  the  voltage  does  not  exceed  550.     They  are  particularly 
applicable  for  hot,  dry  pliues   ■-■-  Iuti  in   ordirmry  insulations  would 
soon  perish.     The  outer  braid  is  finished  like  that  for  slow- hum i rig 
weather-proof    conductors    and    has    the   same    properties,.     '£««. 
'77- 

173.      Weatber-prooi  slow-burning  conductors  Wve  i  fcft-y 
ring  co.iunx  ii.n-t:  /.,  1  hi-  conrJuirtor  an-l    ;i   '-vea',\u.-t-»iool  cnuMi 
iMeoutvde.      rhvy  ar0  approved  by  theN.E.C. 
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173.    Properties  of  Rubber-insulated  Wire  and  Cable. 

(Standard  Underground  Cable  Co,    Set 
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142. 0 
167.0 

208.0 
247.0 
297.0 

395.0 
474  0 
564.0 

685.O 

835.0 
« 

16 

14 

12 

10 

9 

8 
6 
5 

4 
3 

2 

I 
0 

OO 

000 

0000 

216 

235 
260 
274 

200 
360 
396 

422 
451 
504 

571 
613 
659 

709 
767 

34-3 

&: 

70.0 

855 
136.0 

166.0 

198.0 
238.0 
293.0 

377.0 
457.0 
556.0 

67S.0 
833.0 

174.    Rubber-covered  or  rubber-insulated  wires  and  cabla 

(see  Fig.  93),  when  protected  with  one  braid  over. the  insulation 
are  known  as  single-braid,  and  when  two  braids  are  used,  to  insur 
against  injury  by  abrasion,  they  are  known  as  double-braid  rubbei 
covered  wire  or  cable.  Rubber-covered  conductors  are  used  fa 
inside  wiring  where  concealed  or  in  damp  places  and  throughou 
where  the  voltage  exceeds  550.  Conductors  insulated  with  les 
expensive  materials  (see  following  paragraphs)  can  be  used  out-of 
doors,  on  pole  lines  and  inside  in  dry  places  where  the  wires  ar 
exposed.  The  use  of  single-braid  rubber-covered  wires  is  permisfl 
ble  for  exposed  interior  wiring  in  damp  places  and  in  woode 
and  metal  moulding  in  dry  places  and  in  iron  conduit,  provided  th 
wire  is  smaller  than  No.  6.  Double  braid  wires  should  be  use 
in  all  cases  where  the  wire  is  larger  than  No.  6.  Table  173  give 
the  principal  properties  of  rubber-covered  conductors,  for  pra 
sures  not  exceeding  600  volts. 
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tional  Electrical  Code  Standard,  0-600  Vote 

stralion  bilaw  for  key  la  reference  letters) 

Stranded 
or  cable 

Stranded  or  cable 

Double  braid 

E. 

r 

Dia. 

Single  braid 

Double  braid 

Dia. 

mils 

Lb.  per 

F 

Dia. 

Lb.  per 
ft. 

G 

l,b.  per 

ajo.ooo 

6 
6 

S 

8 

S30 

tj; 
M 
bc: 

MB 

i.iSg 

■J,yi 

B*l 

I.30J 

1.06s 

1.685 

3,056 

4.506 
T.0O6 

i!o»s 
1. us 

1.17B 

1.3B4 

3S° 

Cost 

s 

8 

( 

368 
a»5 

4*6 

jSB 
6s5 
J43' 

8o!o 
06.3 

5US.0 

1.573 

j.631 
1.798 

3.637 
6.J84 

BraidedJCoierinq      Rubber  Insuk 


_     .  z  ■■  J  Stranded 

Saint  Cooper  Conductor  Sz-    Copper  Conductor 

jle  Braid  Rubber  Covered  Wire-   Single  Braid  Rubber  Covered  Cable. 

n    Braided        Rubber  Braided  ffouer/ngs      Rubber  tr. 

T  'Caverina        Insulation      —mmidfcr.   '•  .' 


■   C^rC^c^  Iff      cgZS^ 

*ie  Braid  ■Rubber  Covered  Wire     double  Braid  Rubber  Covered  O 
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176.    Properties  of  National  Code  Standard,  Rubber  - 

covered,  Solid  and  Stranded  Wire  and  Cable 

For  Voltages  of  600  to  1,500. 

Standard  Underground  Cable  Co. 


Ha. 

I 

ttfl 

Thklc- 

D  in  mute 

email 

'v-'-'^ht' 

t% 

Cir. 
mils 

Single 

Double 
braid 

* 

Mils  '  ajths 

Mils    64th? 

bmid 

•41.740 

1 

i 

lit 

389 

«8 
561 

636 
681 
73' 

17-75 

38:° 
43.  s 

46.8 

180 

480 
58J 

,6. 

13.6 

37.2 
46.I 

48  d( 

„ 

100 

310 

w- 

.  . !        7SO.OOO 
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177.    Properties  of  Weather-proof  and  Slow-burning 


Weather-proof 

Slow-burning 

Size, 

B.&S. 

and 

Approx.  wts.  per 
1,000  ft. 

Approx.  overall 
diameters,  in. 

Approx.  wts. 
per  1,000  ft 

cir.  mils 

Triple 
braid 

Double 
braid 

Triple 
braid 

Double 
braid 

Weather-proof 
white  finish 

Solid 

wire 

0000 

76S 

710 

0.660 

0:610 

870 

000 

625 

570 

0.595 

0.560 

720 

00 

490 

448 

0.550 

0.515 

568 

0 

400 

360 

0.505 

0.470 

470 

z 

310 

290 

0.445 

0405  % 

350 

2 

255 

232 

0.400 

0.374 

290 

t 

164 

146 

0.346 

0.320 

200 

112 

97 

0.303 

0.278 

140 

8 

75 

\t 

0.264 

0.245 

95 

10 

53 

0.221 

0.197 

70 

12 

35 

27 

0.200 

0.172 

52 

\t 

25 

20 

0.182 

0.155 

40 

19 

IS 

0.169 

0.142 

30 

18 

16 

12 

24 

20 

12 

9 

Stranded  Wire  or  Cable 


2,000,000 

6,700 

6,540 

1.930 

1.844 

1,750,000 

5  894 

5.739 

1.820 

1.740 

1,500,000 

5,090 

4,940 

1. 712 

I.624 

1,250,000 

4,287 

4.153 
3,300 

1.580 

1.500 

1, 000,000 

3,478 

1. 451 

1365 

3,880 

900,000 

3.290 

3.045 

1-390 

1. 310 

3.540 

800,000 

2,778 

2,700 

1. 331 

1.243 

3,200 

750,000 

2,615 

2,551 

1.300 

1. 210 

3,020 

700,000 

2,439 

2,380 

1.265 

1. 177 

2,840 

600,000 

2,113 

2,060 

1. 190 

1. 105 

2,370 

500,000 

I.78I 

1,740 

1. 108 

1.027 

2,OIO 

450,000 

1,630 

1,598 

1.070 

0.984 

X.84O 

400,000 

1.445 

1.405 

1.020 

0.940 

I.67O 

350,000 

1.277 

1,240 

0.978 

0 .  894 
0.846 

1,460 

300,000 

1,126 

1,090 

o.930 

X,290 

250,000 

937 

905 

0.862 

0.780 

1,080 

0000 

806 

753 

0.785 

0.708 

9X0 

000 

655 

610 

0.728 

0.648 

745 

00 

515 

470 

0.662 

0.599 

590 

0 

420 

382 

0.605 

0.555 

485 

1 

328 

300 

0.518 

0.470 

360 

2 

267 

251 

0.440 

O.415 

300 

4 

173 

153 

0.379 

0.3.53 

205 

6 

117 

103 

0.327 

0.305 

145 

8 

75 

«    69 

0.290 

0.270 

97 

For  number  of  wires  in  strand  see  X83. 
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lid  Copper  Wire  a> 
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I  Cable.     (General  Ekctrk  Co.) 


Slow-burning 

Appro*,  weight  a  per 

"»'" 

"31*""""*' 

Si», 
.  B.  &  S. 

wtck"  finish" 

Under- 

Weather- 
proof 

Wenthei- 
ofblaclc 

Uncler- 

eir.  mils. 

Ma 

lit                t 

66o            o 

660 

"US 

MS 

X  ■     % 

ilo            o 

loS      ; 

445 

J 

1*0                   0 

346              0 

346      0 

340 

| 

IS 

ts     : 

264            o 

jo*      0 

J64 

\i 

14 

»                0 

i6o            o 

16*            0 

JOB 

Stnu.dsd  Wire  or  Cable 

J.S40 

s»S          1 

4S1            1 

SSo 

!;™ 

IS 

3.57B              1 

15* 

a'SSo       I 

"0            1 

300 

J|"° 

m*J 

i.isi            1 

i«o            I 

too 

££ 

no* 

10S            1 

10S 

SOO 

000 

liiS 

'•;H     : 

us     : 

w    ; 

300 

on" 

itt     : 

si° 

;s     ; 

a    : 

60s    0 

MS 

• 

94              0 

100       0 

190    0 

lOO 

8 
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17S.     Properties  of  National  Code  Standard,    Rubber- 
covered,  Solid  and  Stranded  Wire  and  Cable 
For  Voltages  of  1,500  to  2,500. 

Standard  Undtnround  Cablt  Co. 


Size 

.%4 

'b'S.s 

™*    <*-»•«.* 

Appro! 

«i  & 

ft.,  lip. 

mj\ 

"eS  |  Mils   64tha   Mils  |  fifths 

braH 

*4 

io^so 

66,370 

A 

t 

1 

380S4-3 

66845.75 
763  48-8 

3»o 

St 

&7 

£3 
30.6s 
48.. 

h 

130 
171 
140 

4» 

* 

»75 

Stra 

dsd 

1 

6 

4 

4>.74« 

fi\ 

A 

S 

35« 
KM 

3»ias 

46a 
581 

37 

1     1 

i 

ftfilc 

*$\ 

A 
A 
A 

635 
6:6 

3«-I 

648 

48 

5  340 

6  *il 

i 

i 

ii,V.,C 

32 

S 

A 

773 
831 

46.1 
40-5 

851 

54 
58 

8  745 
5            S»5 

s7»'"™ 

97.1 

| 

JB 

5S.1 
°l-7 
O5.0 

1.04I 

63 

5  1.0*0 
1  I.JS5 
4          1.430 

:":"'■""' 

"H'J 

1 

r.063 

":S 

JlJ'i 

76 
78 

3           1I785 

fioo.ooo 

103 :» 

! 

I,*S« 

Sa!o 

8s- 1 

\ii\ 

85 

a         iis^S 

BmMi,,, 

wl 

1 

'.36387    S5 

1..1.I-  K<j.  1 
(.45803.4 

tUfit 

I 

T          J.»7S 

a        3! 400 

I.OOO.OOO 

t, 

liS.O 

A 

r.Si!i>7-JS 

70.    Dup 

twin  w 

ableE 

(am 

time. 

cal 

led  "condu 

e  shown  in  Fig.  94,  They  are  used  where  they  are  1 
•to  conduit  and  should  never  be  used  eiKsgA.  in  omdni 
s  rubber-insulated  to  the  thidtnesa  Vnd\cBX*a,Wtd 
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[So  ant!  then  is  served  with  a  braid  or  with  a  tape.  The  two 
inductors"  are  finally  bound  together  with  a  tenacious  braid 
it  least  3^  in-  thick  for  wires  larger  than  No,  10  B.  &  S,  gage  and 


Rubber  Insulation  j  I    h  B*t  Rubber  insulation     //    |* 

*  Conductors  Conductors 

Fig.  94-— Duple*  wire  and  cuble. 

A  in.  for  No.  io  B.  &  S.  gage  or  less  in  size.  This  construction  is 
considered  in  the  N.E.C,  as  equivalent  to  that  of  double-braid, 
rubber-covered  wire.  Twin  conductors  larger  than  No.  oooo  should 
not  be  used  because  of  their  tendency  to  kink. 
iSo.  National  Electric  Code  Standard,  Duplex  (Plat),  Two- 
conductor  Wire  and  Cable,  0-600  Volts 
(General  Electric  C".) 


Size  of 
B.  *& 

Solid 

Stran 

dsd 

Wright 

nibs. 

on. 

Di  mensitms 

U'dn!ll 

ilb«. 

Dimensions 
in  inches 

B          C 

D     |       B 

10 

ii6 

0. 16X0.42 

116 

0.35X0,61 

181.  Weather-proof  wire  or  Cable  (Fig.  95)  is  used  for  out- 
of-door  conductors  ami  sbnuli!  !x:  mipjmrLi-'l  on  porcelain  or  glass  in- 
sulators and  not  on  knob?,  de.ils  or  rubber  hooks.  Weather-proof 
wire  is  not  approved  for  inside  wiring  (N.E.C.)  except  where  ex- 
posed to  corrosive  vapors.  The  so-called  "  weather-proof"  insula- 
tion becomes  a  reasonably  good  conductor  when  moist.  Triple- 
braid  weather-proof  conductors  have  three  braids,  saturated  with 
a  so-called  moisture-proof  compound  served  around  them,  and 
double -braid  conductors  have  two  such  braids.  Triple-braid 
conductors  are  approved  by  the  N.E.C.  for  outside  construction, 
but  double-braid  conductors  are  not  approved  at  all.  See  Table 
177  for  properties. 

i8j.  Safe  Current -carrying  Capacity  of  Large  Fiber -cored 
bibles  on  A.-C.  Circuits. —See  Fig.  06  forrc-fnerire letters.  Alter- 
nating current  flowing  in  large  cables  has  greater  density  on  the 
(Urface  of  the  conductor  than  in  the  center  (so-called  skin  effect) 
:herefore  an  ordinary  cable  will  not  carry  as  much  alternating 
■ent  as  direct  current  with  the  same  temperature  use.  \ii' 
o  overcome  this  ii  h-  aJrk-iMc,  on  singie-conduct-ot  ca.Vt\e%  ioo, 
7j.  and  larger  for  60-cycle  1  ircurts    and  1  2^0  000  cm  avA*" 


the 
ect) 

Si 


90 


AMERICAN  ELECTRICIANS'  HANDBOOK    [Sectl 


for  25-cycle  circuits,  to  make  the  cable  with  a  fiber  core,  and  strand 
the  copper  around  it.  The  weight  of  copper  in  this  type  of  cable 
is  the  same  per  foot  as  in  an  ordinary  cable,  but  owing  to  its  annular 


Weatherproof  Coating 


Conductor 


Braids  fitted  with  fireproof 
Compound     \ 


Conductor  I  Braids  filled  with  Fireproof,  Compound 


Slow  Burning  Vtfna 


'her proof  Bratd 


Slow  Burning -Weatherproof 
",qo\ 


Ca6le  Slicked  Weatherproof  Braid 

Weatherproof         Oodbie  Braid  VMsatherproof 
Conductor     Weatherproof^  Braid  with  ,  wTf?   „  *-    •, 

/  Braid      'Slicked 'Surface.  Conductor   Weatherproof  Brad 


/ 


Triple  Braid  Weatherproof  Cable 


.  Sicked 
Oouble  Braid 


Weother proof  Braid  • 
d  Weatherproof  Cane 


Fig.  95. — Weather-proof  and  slow-burning  conductors. 

cross-section  the  cable  is  much  more  efficient  in  carrying  alternating 
current  and  also  has  a  somewhat  greater  current-carrying  capacity 
due  to  the  larger  radiating  surface.  These  copper  strands  can'be 
insulated  with  any  desired  type  of  insulation.     {General  Electric  Co) 

182  A.    Fiber  cord  cables. 

Copper  Core 
Sheath  or  Braid -^     Insulation      /   r-/Der  Core 


Side  Efevatfon 

Pig.  96. — Cable  with  fiber  core. 


End, 
Elevation 


Size 


A 

Dia.  fiber 

core 

in  in. 


No.  of 
wires  in 
strand 


Size  wire 

in  strand 

in  in. 


B 

Overall  dia. 

copper 

core  in  in. 


Ampere  capacity 


3odeg. 
cent.  rise. 


6odeg. 
cent.  rise. 


2,000,000 
it75o,ooo 
1,500,000 

1,250,000 

1,000,000 

800,000 

750,000 
700,000 
So,  000 


\ 

210 

II 

210 

tt 

182 

A 

168 

it 

98 

Si 

w 

48 

A     1 

51 

'    1 

45 

0.099 
0.091 
0.091 

0.086 

0.102 
0.125 

0.125 
0.II7 
O.IO56 


2.065 

I.87 

I.78 

1.59 
1.28 
I.I 

X.060 

0.99 

Q.&90 


1,400 
1,300 
1,200 

X.I50 
900 

775 

750 
loo 


i 


1.750 
1,625 
1,500 

1,400 

1,150 

935 

900 
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183.  Special  Stranding  Table  for  Weather-proof  Slow-burning 
id  Bare  Cables. — General  Electric  Co.  The  price  of  any  weather- 
roof,  slow-burning  or  bare  cable  depends  upon  the  size  wire  used 
,  the  strand.  The  finer  the  individual  wires  the  more  expensive 
le  cable.  The  following  table  of  strands  insures 
rice  for  the  table.  Strands  or  cables  from,  finer  v 
lanufactured. 


»!o868 


63ijj 


184.  Splices  in  bare  copper  line  wire  can  be  made  as  indicated 
1  Fig.  gy  and  should  be  mechanically  and  electrically  secure 
iefore  solder  is  applied.  There  should  be  at  least  5  turns  in  the 
ect  (Fig.  97)  of  a  splice  to  insure  that  the  unsoldered  splice  will 
■e  as  strong  as  the  wire  of  which  it  is  made.    All  splices  in  wires 


,-fnrf  Turn 


End  Turns 


■wafer/ 


nr  conveying  electricity  should  be  soldered  in  the  neck.     It  is  ni 
Iways  necessary  to  solder  the  end  turns.     Mclntire  sleeves  a; 
eiy  satisfactory  and  arc  used  to  a  great  extent,  for  =>\t\\c\W£  'iexvA 
ie  wires.     (See  Fig.  gS.)    Solder  is    not   necessary  >Nneits\iw» 
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are  used.     For  further  information  in  regard  to  splici 

wire  see  Electrical  World,  Nov.  17,  1910,  ".Some  Tests  on  Spike 

in  Galvanized  Iron  Wire,"  By  C.  T.  Rashman. 

184A.  Splices  in  insulated  aerial  line  wires  are  made  similarly 
to  that  shown  in  Kig.  97  except  tape  is  served  around  the  splits  I 
for  insulation.  (See  Fig.  00.)  If  the  line  wire  has  only  wt-ai  Iht- 
proof  insulation,  friction  l.ipc  is  sufficient  but  if  the  inner  insulation 
is  rubber,  rubber  tape  to  the  thickness  of  the  inner  insulation 
should  be  applied  before  the  friction  tape  is  served.  AE  splices  in 
wires  for  convey  in.!;  elcclri.  ily  should  he  soldered  in  the  neck. 

185.    Instructions  for  Making  a  Joint  in  Pure  Rubber  Insulated 
Wire   (Okonite  Co.) .    (See  Fig.   100.)     1.  Preparing  ike  Conductor  I 
Ends. — Bare  and  clean  about  1  in.  of  each  end  0/  the  conductor;  . 
then,  with  a  very  sharp  thin-bladed  knife,  bevel  the  insulation  I 
for  about  1  in.  as  one  would  sharpen  a  lead  pencil.     2.  Preferably  I 


mat 


the  conductor  joint  with  a  copper  sleeve,  sweating  the  latter 
on,  being  careful  to  clean  off  all  surplus  solder  or,  if  the  connection 
is  made  by  twisting  the  two  ends  together,  see  that  the  ends  do  not 
protrude.  3.  Now  cover  the  bevels  and  conductor  with  a.  thin 
coat  of  a  pure  rubber  cement  and  allow  this  to  "set"  (which  takes 
about  1  min.). 

4.  Insulating  the  Joint. — Take  a  strip  of  Jin.  pure  rubber  tape 
6  to  S  in.  long,  and  beginning  at  the  bevel  on  a  level  with  the 
insulation  A  in  Fig.  100,  wrap  spirally  (making  sure  that  the  turns 
overlap)  to  the  other  side  of  the  joint  as  far  as  the  high  point 
of  the  bevel  on  that  side,  B.  Continue  to  wrap  to  and  fro  until 
the  insulation  is  built  up  slightly  thicker  than  the  regular  wall. 
The  tape  must  be  put  on  under  tension — say  stretched  to  about 
half  its  width.  Care  must  be  taken  to  have  everything 
perfectly  clean. 

Insulation.,       .  ,  .,  o      EtnH-^ 


5.  To  Partially  Vulcanite  the  Joint.— Apply  heat  from  a  spirit 
lamp,  a  lighted  match  or  the  heat  of  the  hand  evenly  around  the 
"'oint.  Do  this  for  about  1  rain,  (be  careful  not  to  burn  the 
n  sul  a  Lion  J  ami  ihcii  wrap  tin.'  joint  with  wo  layers  of  J-in.  friction 
ape.  If  the  wire  is  braided  or  taped,  be  sure  that  the  braid  or-tape 
i  cut  well  back  so  that  there  are  no  loose  threads  overhanging  to 
cerferc  with  the  proper  insulating  of  the  }oint. 
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This  is  the  method  of  making  a  joint  properly,  and,  with  slight 
modifications,  it  is  applicable  to  all  sizes  of  conductors. 
Should  the  friction  tape  become  sliphlly  set,  as  it 
does  in  extreme  cold  weather,  Wanning  will  restore  it  perfectly. 

186.  Splices  in  Interior  Wires  (Fig.  ior), — -Not  as  many  turns 
are  necessary  in  the  nock  as  for  sic  rial  line  wires.  All  splices  musl 
be  soldered  unless  made  nil  h  sunn.'  I'jnn  i>f  approved  sfilifinp  device. 
Rubber  tape  to  the  thickness  of  tin-  ruliber  insulation  must  be  used 
on  rubber-covered  "ires  and  friction  tape  must  be  served  over  the 
rubber  to  hold  it  in  place.  The  so-called  "Fixture  Splice"  (Fig. 
tor)  is  used  largely  by  telephone  men  and  in  wiring  fixtures.  It 
can  be  conveniently  used  sometimes  in  split -iriK  two  wires  that  n 

be  drawn  taut  in  the  splicing.      A  splice  in  wires  is  often  made 

point  between  Hvo  supports,  cleats,  or  knobs  ill  [his  way.  The  du- 
plex wire  splice  (Fig.  101)  is  often  used  by  telephone  men.  The 
joints  should  always  he  "broken,"  that  is,  they  should 


Rubber  Tape,         .Conductors 


posile  one  another.  In  conduit  work,  for  which  duplex  wire  is 
frequently  used,  joints  are  not  permissible  except  in  junction  boxes, 
hut  nevertheless  they  are  occasionally  made  as  indicated  and  pulled 
into  conduit.      Rubber  and  friction  tape  is  applied  to  each  in     ' 

same  way  as  to  the  joint  in  a  single  wire  and  I  hen  the  pair  of  i 

should  be  served  with  friction  tape.  Joints  should  always  be  taped 
so  that  the-  insulation  over  the  joint  equals  that  over  the  rest  of  the 
conductor. 

187.  Taps  in  copper  wires  are  made  as  shown  in  Fv&. 
The  "Vaulted"  tap  has  the  advantage  that  the  tap  mK  c 
untwist  from   tlie  main   wire.     Tape    should  be  appfted  w 
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splices.     The  tap  foe  small  aerial  wires,  Fig.  i 
the  tap  wire  one  long  complete  wrap  around  the  tr 
four  short  turns.     The  l'>n.n  wrap  j.-i\es  tilt  joint  a 
flexibility  which  is  necessary  fur  aerial  work  where  w 


Knotted 
FlG.  101. — Methods  of  mating  tap! 

the  wind     The  lap  for  large  wires  is  made  by  serving  a  bintlinf 
about  bared  portions  of  the  tap  and  main  wires  and  thei 


>  composing  the  cable  should  be  spread  ami  eadi  nv&aA  in 
rht  and  the  cote  or  a  few  inner  wires  cut  away  sotWt\.\Mi^ 
"  bulky.  Then  the  two  cable  ends  are  sAmuei  aa  ** 
t)  and  (he  wires  are  interwoven  in  ^oup*  o\  vk 


VVKO 
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ladle,  molten  scHb  ifcroo-i  a=d  mn  it.  the  nMh  pot  W 
Ue  heM  under  the  joint  =o  as  to  catch  *or  solde*  tot 
ot  adhere.  Foe  interior  *oik  a  shot  joint  like  thai  of  B  i 
Mir  "sed,  but  is  aerial  work  a  longer  one  like  that  o(  C  i 
Ed.  For  an  aerial  joint  (Q  a  length  of  abort  10  to  jo  la.  i 
at  the  end  of  each  cable  in  order  to  make  a  spike.     All  < 


189.  Tap  Joints  in  Cables  are  made  as  suggested  in  Fig.  10. 
"J"  shows  how  the  tap  wires  are  "fanned'  out  before  ln-in 
served  about  the  main  conductor  and  B  shows  a  completed  la 
joint  for  interior  work.  C  shows  a  completed  tap  joint  in  a 
,,  aerial  cable.  Tap  joints  in  cables  can  be  made  V\to  a.^voaos 
win  similarly  to  the  method  o!  Fip;.  102. 
igo.    In  maMag  any  joint  the  wire  ends  sWtVJbe  sctb.?<AVi 

Z     u"    iC-n  °'A  kn"e  6/ar,e>  sand  Paper  «  emery  w*  « 
the  solder  w>U  adhere  readily.     Insulation  4wuU.  U  W\  v 
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shown  at  B  (Fig.  105)  rather  than  as  shown  at  A.  When  cut  as  at 
A  the  wire  is  likely  to  be  nicked  and  with  the  B  method  the  tape  can 
be  served  more  neatly  about  the  joint.  The  outer  braid  should 
be  cut  well  back  from  the  joint  so  that  stray  strands  from  it  can- 
not be  taped  into  the  joint  and,  by  capillary  attraction,  conduct 
moisture  thereto. 

191.    For  soldering  joints  the   non-corrosive  fluid   of  201  is 
recommended. 

192.    Circular  Millage  and  Carrying  Capacity  in  Amperes  of  Flat 
Bus-bar  Copper  {Electrical  Engineer's  Equipment  Co.) 


Circular 
mils 


1,000  C.  M. 

per  ampere 

or    1,273 

amp.  per 

sq.  in. 


1,200  C.  M. 

per  ampere 

or    1,061 

amp.  per 

sq.  in. 


1,600  C.  M. 
per  ampere 

or  795 
amp.  per 

sq.  in. 


\     in.  bar  copper 

By  1     in 

By  1  \  in 

By  2    in 

By  2 J  in 


By  3  in. 
By  z\  in. 
By  4  in. 
By  S  in. 
By  6    in. 


\     in.  bar  copper 

By  1    in 

By  1 J  in 

By  2    in 

By  2 J  in 


By  3 
By  3* 
By  4 
By  S 
By  6 


n. 
n. 
n. 
n. 
n. 


bar  copper 


I    in. 

By  1  in. 
By  i\  in. 
By  2  in. 
By  2\  in. 

By  3  in. 
By  3*  jn. 
By  4  in. 
By  s  in. 
By  6   in. 


\    in.  bar  copper 

By  1    in 

By  ij  in 

By  2    in 

By  2}  in 


By  3   in. 
By  3}  in. 
By  4    in. . 
By  s   in. . . 
By  6   in... 


IS9IS4 
238731 
318309 
397886 

477463 
557040 
636618 
795772 
954927 


318309 
477463 
636618 

795772 

954927 
1114081 

1273236 

I59I545 

1909854 


477463 
716194 

954927 
1 193658 

1432390 
1671122 

1909854 
2387317 
2864781 


636618 

954927 
1273236 

I59I545 

1909854 
2228163 

2546472 
3183090 
3819708 


159 
239 
318 
398 

477 
557 
637 
796 

955 


318 
477 
637 
796 

955 

1,114 

1,273 
1.592 
1,910 


477 
716 

955 
1,194 

1.432 
1,671 

1,910 
2,387 
2,865 


637 

955 

1.273 

1.592 


■133 
199 
265 
332 

398 

464 

531 
663 
796 


265 
398 
531 
663 

796 

928 

1,061 

1,326 

1,592 


398 
597 
796 

995 

1,194 
1,393 
1.592 
1,989 
2.387 


531 

796 

1,061 

I.326 


99 
149 
199 
249 

298 
348 
398 
497 
597 


199 
298 
398 
497 

597 
696 
796 
995 
1,194 


298 
448 
597 
746 

895 
1.044 
1,194 
1.492 
1,790 


398 
597 
796 

995 
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193.  Bus-bars  are  usually  made  up  of  rolled  copper  bar  from 
0.25  to  0.375  in-  thick  and  from  1  in,  in  width  up.  When  more  than 
one  bar  is  needed  to  give  the  required  current-carrying  capacity 
the  bars  are  separated  by  means  of  spin  iug  btoiks  so  as  to  give  a 
n  radiating  surface.  Copper  bars  are  designed  on  Lhe 
a  current  density  of  about  Soo  to  1,000  amp.  per  sq.  in.  of 
._    .   tion.    They  are  mounted  on  insulators,  lhe  type  of  insula- 

:  depending  upon  the  voltage  of  the  system.  Occasionally 
aluminum  bus-bars,  employing  a  maximum  current  density  of 
about  750  amp,  per  sq.  in.,  have  been  installed.  For  medium  size 
plants,  L-ipetii tins  a  I  il  potential  of  2,300  volts,  the  bus-bars  are  made 
up  of  insulated  wires,  varnished  cambric  being  preferred  as  the 
insulating  material,  and  these  are  mounted  on  insulators  attached 
to  the  framework  which  supports  the  panels.  Contact  surfaces 
between  bus-bars  should  allow  between  too  and  200  amp.  per  sq.  in. 
of  surface,  and  terminals  and  leads  taken  from  the  bars  should 
allow  100  amp.  per  sq.  in.  Brass  castings  for  connections  and 
terminals  have  a  conductivity  between  11  and  iff  per  cent.,  and, 
therefore,  it  is  best  Co  use  copper  where  large  current-carrying 
capacity    is    desired. 

ig4.  Aluminum. — The  weight  of  aluminum  is  0.000,000,015 
(or  gt. 5X10-8)  lb,  per  cir.  mil -ft.  or  0.000,000,808  (or  8c.8X  10-8) 
lb.  per  sq.  mil-ft  (Standard  Handbook).  See  additional  values 
giving  properties  of  aluminum  in  adjacent  comparative  table. 
The  following  data  is  from  the  Wesfingkoust  Diary: 


I  Aluminum 


It  will  be  noted  from  the  relative  din  meters  that  an  aluminum 
wire  to  be  of  equal  corn  1 1:1  1  iviiy  to  a  copper  wire  is  almost  exactly 
two  sizes  larger  by  H.  &  S.  Gage. 

The  conductivity  of  aluminum  wire  is  63  per  cent,  of  that  of 
copper;  but  an  aluminum  wire  of  equivalent  conductivity  will  have 
4S  per  cent,  of  the  weight  and    i'io  per  cent,  of  the  strength. 

195.    Commercial  galvanized -iron  wire  is  known  in  the  market 
by  the  following  terms:     Eirtra  Best  Best  (E.B.B.).— This  is  made 
by  improved  continuous  processes  from  the  very  best  iron.     It 
lias  the  best  conductivity  of  any  commercial  iron  wire.     Its  weight 
per  mile-ohm  is  from  4,600  to  5,100  lbs.     It  is  very  uniform  in 
quality,  pure,  tough  and  pliable.     Best  Best  (I). B.).— This  is  less 
uniform  and   lough   than  the  above  'K.H.B.),  but  stands  a  good 
mechanical  test.     Its  weight  per  mile-ohm  is  5,500  to  5,800  lbs. 
It  is  largely  used  by  telephone  and  telegraph  companies  and  in 
railway   telegraph   service.    Best   (B.)  js  a  term   applied   almost 
indiscriminately   to   the   lower    grades    of   iron   wire   for    cUcUk. 
service.      It  is  a  harrier  and  :i  (ess  pliable  wire  than  \.\ic  l-«o  a&osft 
grades.     Its  weight  per  mile-ohm  is  about  6,500  Ybs.    SV»*X  vs>  *■ 
stiff  wire  oi  high  tensile  strength  ;ind  low  conductivity.    "**■  i*  NW^, 
'uhcult  to  work,  but  U  used  on  short  lines  thai  mu=,t  te  «ec\.«S 
rtL™5  »*fe  conductivity  is  of  little  importance     It^^ 
r  tmle-uhm  is  0,000  to  7>000  ibs_ 
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196.    Properties  of  Galvanized  Telephone  end  Telegraph  Wir 
Based  on  Standard  Specifications  (American  Steel  Gr  Wire  Cc 
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197.  The  so-called  galvanized  -steel  strand  (Fig.  106)  is  rea 
seven-strand  cable  composed  of  galvanised  steel  wires.  It  is  u! 
for  guying  and  for  messenger  cable  to  support  cables  that  hi 
not  themselves  much  mechanical  strength.  It  is  also  used 
long  spans  in  transmission  lines  which  (American  SteelfrWireC 


■j  Galvanized  Sfee/  Wires 


cannot  always  be  made  with  copper  cables,  because  hard-dra' 
copper  has  a  strength  of  only  65,000  lbs.  per  square  inch.  Wh. 
It  is  necessary  to  cross  rivers  with  transmission  lines,  the  enei 
may  be  conducted  by  one  of  the  galvanized-steel  cables  tabulat. 
which  should  be  of  such  size  and  strength  that  it  will  show  a  saf< 
factor  of  at  least  five.  Ills  not  necessary  to  suspend  bare  copi 
cables  beneath  a  steel  strand,  as  the  steel  strand  itself  serves  as  ' 
conductor.  The  ordinary  or  Bessemer  steel  cable  is  comm< 
S^priI.gT?      a  f°r  suPP°rtin8  "i^'e  suspension  trolley  wi 


while  the  other  grades 
tor  Jong  transmission- s 
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199.  Galvanized  iron  or  steel  wires  are  spliced  as  shown  in  Fig. 
97  and  5  turns  are  necessary  in  the  neck  of  the  splice  to  insure  that 
the  splice  will  be  as  strong  as  the  wire.  The  strength  of  an  unsold- 
ered joint  is  determined  by  the  number  of  turns  in  the  neck.  The 
end  turns  have  but  little  holding  power.  Small  galvanized  steel 
cables  are  joined  in  the  same  way  as  are  wires,  as  shown  in  Fig. 
107.  There  should  be  5  turns  in  the  neck,  as  with  wires,  and  a  few 
end  turns  to  finish  off  the  joint.     Soldering  is  unnecessary  for  guy 


.End  Turns 


End  Turns 


I 


Fig.  107. — Joint  in  small  steel  cable. 

wires.  Larger  cables  can  be  spliced  as  shown  in  Fig.  103,  or  me- 
chanical clamps  can  be  used  instead  as  shown  in  Fig.  108.  Some- 
times it  is  necessary  to  use  several  clamps,  instead  of  one. as  the 
figure  shows,  in  order  that  the  joint  will  be  as  strong  as  the  wire. 

200.  Methods  of  Soldering  Wires  in  Terminal  Lugs. — Where 
many  terminal  lugs  are  to  be  soldered  to  conductors  a  convenient 
and  time-saving  method  of  making  the  connections  is  to  melt  a  pot 
of  solder  over  a  plumbers'  furnace,  heat  the  lug  in  the  solder,  pour 
the  solder  in  the  hole  in  the  lug  and  then  plunge  the  bared  end  of  the 
conductor  into  it,  as  shown  in  Fig.  109.  The  insides  of  the  holes  of 
all  commercial  lugs  are  "  tinned"  so  the  solder  adheres  to  them  read- 


Three  Bolt  Clomp 


Seven  Strand 
Steel  Cable 


Fig.  108. — Steel  cable  joined  with  clamp. 


ily,  and  the  bared  end  of  the  conductor  should  also  first  be  tinned. 
This  may  be  done  as  follows:  The  end  of  the  wire  is  carefully 
scraped  with  a  knife  or  with  a  piece  of  fine  sandpaper  (the  sandpaper 
is  best  because  it  cannot  nick  the  wire)  and  then  smeared  with  sold- 
ering flux  and  thrust  into  the  solder  pot.  If  a  soldering  stick  is 
used  the  wire  must  be  heated  in  the  solder  before  the  stick  com- 
pound will  melt  and  adhere.  It  requires  but  a  short  time  to  "tin" 
the  wire  end  in  the  pot. 

Immediately  after  the  tinned  end  is  pushed  into  the  hole  in  the 
lug^  the  lug  should  be  soused  with  a  piece  oi  "wel  ^aste  to  cool  it 
rapidly.     Scrape  or  file  off  any  shreds  or  g\ob\iVes  <A  wftAec  \3fcaX.  *&- 
hered  to  the  exposed  surfaces  of  the  lug  and  Ymtfiotefc  Vx.  ^VOa.  fcafc 
andpaper  If  necessary. 
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r. 

he  insulation  from  [he  conductor  ends  should  he  rut  hack  just 
enough  so  that  it  will  abut  iL^Liinst  the  shoulder  of  the  lug,  as 
gested  in  Fig.  no,  /.  The  appearance  is  very  unsi^lilly  ami  in- 
s$  careless  work  if  there  is  a  gap  between  the  shoulde!  and  ihe 
if  Kjvqiub  rtf    mifl>   mishap   a   cornice tj< in 


.ikitiou. 


I  II.     If 


■lis,  having  the  appearance  of  II ,  a  partial  correction 
filing  the  gap  with  servings  of  tape,  as  shown  at  III, 
ihe  standard  j-in.  width  should  be  torn  into  strips 
ipplytng. 

molten  solder  should  be  poured  into  flip 
Imost  tn  the  brim  when  the  conduct 


j.  .■ .  .,.■.■ 
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secure  maximum  mechanical  strength  and  electrical  conductivity, 
it  is  absolutely  essential  that  the  solder  be  maintained  at  the  melt- 
ing-point until  it  has  thoroughly  permeated  the  interstices  of  the 
conductor. 

The  wire  terminal  and  lug  should  be  held  in  the  molten  solder 
until  they  acquire  the  temperature  of  the  solder.  To  prevent  ad- 
hesion of  solder  to  the  outside  of  the  lug  it  should  first  be  dipped  in  a 
light  oil  of  high  flash-point.  Be  careful  to  see  that  no  oil  ia  per- 
mitted to  reach  the  inside  of  the  lug.  It  will  be  found  advisable 
when  holding  the  bared  ends  of  heavy  conductors  in  the  solder  pot  to 
wrap  the  insulation  well  with  a  rag  previously  wrung  out  in  cold 
water  to  prevent  as  far  as  possible  the  melting  of  the  insulating 
compound  and  the  consequent  smearing  of  the  terminal.  Any 
such  drip  will  not  impair  the  joint  if  properly  made,  though  it 
will  detract  from  the  appearance  of  the  finished  job.  {F.  P.  Kenny, 
Electrical  World.) 

Another  method  of  soldering  wires  in  lugs  is  to  heat  the  lug  with  a 
blow- torch  flame.  When  the  lug  is  sufficiently  hot,  wire  solder  is 
fed  into  the  hole.  The  solder  melts  and  the  bared  conductor  end 
is  then  thrust  into  it,  as  above  described.  However,  the  use  of  a 
blow  torch  in  this  way  should  be  avoided  if  possible,  as  it  blackens 
the  exposed  surfaces  of  the  lug.  A  cleaning  with  fine  sandpaper 
is  then  necessary,  and  it  requires  considerable  time. 

20i.  A  soldering  flux  removes  and  prevents  the  formation  of 
an  oxide  during  the  operation  of  soldering,  so  that  the  solder  will 
flow  readily  and  unite  firmly  the  members  to  be  joined.  For 
copper  wires  the  following  solution  of  zinc  chloride  is  recommended 
by  the  Underwriters,  and  is  good: 

Saturated  solution  of  zinc  chloride  . .   5  parts 

Alcohol 4  parts 

Glycerine 1  part 

Solutions  made  with  acids  should  be  avoided  as  there  is  usually 
more  or  less  corrosion  in  joints  made  with  them.  The  commercial 
soldering  pastes  and  sticks  give  good  satisfaction  in  cleaning  joints 
to  be  soldered. 

202.  Soldering  paste  or  stick  can  be  made  as  follows:  Melt 
1  lb.  of  tallow  and  add  1  lb.  of  common  olive  oil;  stir  in  8  oz.  of 
powdered  rosin;  let  this  boil  up  and  when  partially  cool,  add, 
stirring  constantly,  J  pint  of  water  that  has  been  saturated  with 
powdered  sal  ammoniac.  Stir  constantly  until  cool.  By  adding 
more  rosin  to  make  it  harder,  it  can  be  cast  into  sticks. 

203.  In  soldering  commutator  wires  and  connections  around 
electrical  machines,  an  acid  solution  should  never  be  used,  because 
of  the  ensuing  corrosive  action.  A  good  flux  is  an  alcoholic  solution 
of  rosin. 

204.  Soldering  with  Blow  Torch  and  Iron. — When  soldering 
connections  between  wires  smaller  than  No.  8  many  wiremen  use  a 
blow  torch  for  heating  the  joint.  While  a  joint  can  be  made  in 
this  way,  it  is  much  better  to  use  a  soldering  copper  for  small  wires. 
Where  a  blow  torch  is  used  the  insulation  otv  tkfc  conductors  is 

nearly  always  ignited  and  burns  with  a  thick  amoka  raAYta&stt 
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any  object  mi  which  it  deport;.  Ii  is  prvilinhli-  ,,iso  that  the  ex 
sive  heat  of  the  blow  torch  injures  the  adjacent  insulation  on 
conductors.  Furthermore,  the  blow  torch  is  difficult  to  manipu- 
late in  restricted  locations.  A  small  alcohol  torch  is  often  satisfac- 
torily used  instead  of  a  blow  torch  and  is  better  adapted  for  the 
work,  but  it  is  probably  not  as  good  as  a  soldering  iron. 

In  using  a  soldering  copper  it  is  heated  in  the  flame  of  a  blow 
torch.  To  solder  the  joint  the  hot  tool  is  placed  under  and  in  close 
contact  with  it  and  wire  solder  is  fed  into  the  turns  of  the  joint. 
After  the  solder  tins  flowed  over  the  entire  surface  of  the  joint  the 
iron  is  removed  and  the  joint  is  shaken  to  throw  off  surplus  solder. 
There  is  no  ignition  of  insulation  and  no  sooty  smoke.  The  solder- 
ing copper  can  be  used  in  confined  spaces  where  the  use  of  a  torch 
would  be  out  of  the  question.  Wires  to  he  soldered  must  be  scraped 
clean  and  bright  before  the  tool  is  applied.  Any  of  the  commercial 
soldering  pastes  can  be  used  as  a  flux, 

205.  Pointers  in  Blow  Torch  Manipulation  (IP.  ,V.  Matthews 
&  Bros.  Notebook ).— Only  the  very  best  grade  of  gasoline  (74  dcg.) 
should  be  used,  and  it  must  be  dean  and  kept  in  a  clean  can,  other- 
wise the  burner  will  become  clogged.  Never  try  to  fill  a  torch 
from  a  big  can.  A  pint  or  quart  rei'qiiaele  should  be  used  for 
this  purpose.     If  this  is  done,  the  torch  can  be  held  in  one  hand 

and  filled  with  the  other  will 1   danger  of    oyi..rlillmg  or  spilling. 

The  torch  should  be  a  little  more  than  two-thirds  full,  so  that  there 
will  be  room  for  sufficient  air  to  prevent  the  necessity  of  frequent 
repumping  to  maintain  the  pressure. 

See  lhat  the  tiller  plug  is  closed  tight,  to  prevent  the  escape  of  ai 
from  tank.  The  fiber  washer  under  the  plug  must  be  replaced  when 
worn  out.  Common  washing  soap  rubbed  into  threads  and  joints 
will  stop  all  leaks.  The  pump  should  be  in  good  working  order; 
a  few  drops  of  lubricating  oil  well  rubbed  in  will  soften  the  pump 
washer.  Do  not  turn  needle  valve  too  tight,  as  there  is  danger  of 
enlarging  the  orhireof  the  burner.  See  ilia  I  the  burner  is  sufficiently 
heated  when  starling.  One  tilling  of  the  drip  cup  is  generally 
sufficient  if  the  flame  is  shielded  from  draft  while  healing  the  burner; 
if  it  is  not,  fill  the  cup  again  and  light  the  gasoline  as  before.  A  long 
or  yellow  flame  or  raw  gasoline  shooting  from  the  burner  shows 
that  the  burner  is  not  hot  enough  to  properly  generate  gas. 

Ordinarily  when  a  gasoline  Ion  U  i~  used,  00  per  cent,  of  the  heat 
is  dissipated,  without  doing  any  work  whatever.  When  performing 
most  blow  torch  operations  a  great  part  of  this  heat  may  be  readily 
saved  by  making  a  shield  of  -heel  iron  or  asbestos,  to  direct  the 
heal  to  the  object  to  be  heated. 

RESISTORS 

206.  A  cheap  and  good,  heavy  current  resistor  can  be  made  by 
folding  wire  netting  up  and  down  over  iron  rods  supported  by  in- 
sulators. {Sttnidtird  1Iijh(!!>w  >/.'., 1  <•::,];  nniy.ed  iron  wte  Qflo.  \q 
B.  &  S,)  netting  of  1  in.  mesh  and  12  in.  wide  has  a.  teaSUMtf 

approximately  0.005  ohm  per  yard  and  will  carry  too  am.?. 


::! 
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207.  A  design  for  a  water-cooled  resistor  is  shown  in  Fig. 
It  consists  of  a  number  of  pipes  lined  into   couplings  and  suppli 
with  brass  sliding  bridge  pieces.     With  all  bridge  pieces  at  the  I 
the  resistor  is  practically  short- 
circuited,  but  when  it  is  desired  to 
cut    out    all   the   resistance    the 
terminals  of  the  rheostat  should 
be    short-circuited    through    the 
switch.       With     all    the    bridge 
pieces  at  the  bottom  the  resist- 
ance of  the    circuit    becomes   a 
maximum.       The    pipe    connec- 
tions are  so  made  that  water  can 
be  circulated  through  the  rheostat. 
The    connections    to    the    water 
mains  and  outlet  should  be  made  through  rubber  hose.     The  heat 
■  ■■;.  i     [epend   upon   the   amount  and  temperature  of  tht 
water  circulated. 

208.  Rheostats  made  up  of  galvanized -iron  wire  mounted  on 
wooden  frames  and  submerged  in  running  water  are  often  used  10 
absorb  energy  when  making  acceptance  tests  of  large  apparatus  in 
the  power  house.  In  this  case  (he  puwer  dissipaled  can  be  assumed 
as  directly  proportional  to  [lie  surface  of  the  resistor,  and,  therefore, 
the  formula  I  kd'i  can  be  used  with  good  results.  Mr.  P.  M.  Brown 
gives  the  following  values  of  k  as  the  results  of  extensive  experiments: 

Rheostat  in  hBrrd  or  tank,  no  flaw  of  water *  -  540  to    700 

Rheostat  in  rapidly  flowing  wattr  (rivur  or  tail  rate)  k  =  950  to  i.aso 
A  barrel  should  not  be  used  to  dissipate  more  than  5  kw.     Values 
of  d*  can  be  taken  from  Table  ; 

209.  Liquid  rheostats  are  especially  adapted  to  the  absorption 
of  large  amounts  of  power  and  are  oftep  used  as  an  artificial  load 
in  testing  ilyiiamos  .ir  us  ■■r::i  \n<:  rlif"Sl.als  fiir  large  motors  slattiiis 
under  load.  The  adjust  men  I  is  perfectly  continuous,  but  unless 
there  is  a  provision  fur  short-circuit  inji.  the  electrodes  outside  the 
solution  it  is  impossible  to  cut  out  the  resistance  entirely.  The 
material  of  which  the  electrodes  are  made  is  not  important  so  long 
as  it  is  a  good  conductor  and  is  not  attacked  by  the  liquid.  Lead 
or  carbon  plates  are  used  with  sulphuric  iicid.  .  upper  with  copper 
sulphate  and  iron  in  most  other  cases.  The  current  density  should 
not  exceed  i  amp.  per  square  inch. 

210.  The  solution  in  a  liquid  rheostat  depends  upon  the  voltagt 
and  quantity  necessary  to  radiate  the-  heat.  Pure  water  is  seldom 
used  for  pressures  under  r,oco  volts.  For  voltages  below  this  sul- 
phuric acid  or  some  salt  is  added  to  the  water  to  increase  its  con- 
ductivity. Fig.  112  shows  the  relative  conductivity  of  various 
solutions  expressed  in  inches  between  the  plates  with  a  current 
density  of  1  amp.  per  square  inch.  Ordinary  water  gives  a  drop 
from  2,500  to  3,000  volts  per  inch  gap  at  this  current  density. 

zii.     The  radiation  capacity  of  a  liquid  rtvaostflt.  defends 
the  volume  o[  the  solution  used  and  not  upon  vne  iixea.o\  "Cqcsy 
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is  also  affected  by  the  conductivity  of  the  material  of  which  the 
nk  is  made;  the  amount,  of  radiating  surface  of  the  lank;  the  tem- 
irature,  pressure  and  dampness  of  the  sun-iiiimlisisr  air;  and  the 
■unter  e.m.f.  generated  by  chemical  action  (at  low  pressures  a 
rge  propi.irlii.iii  of  the  power  niiiy  lie  absorbed  chemically  without 
e  evolution  of  heat).  Fig.  113  is  constructed  from  experiments 
ade  by  H.  W.  W.  Uix  and  shows  tin:  allowable  watts  per  cubic  inch 
r  different  values  of  temperature  rise. 


Strength  of  Solution^  (by  "eight) 


;: 


livity  of  various  solutions.  inch  for  a  liquid  rheostat. 

As  a  general  rule  take  400  to  800  cu.  in.  of  solution  per  horse- 
>wer  absorbed  continuously.  For  motors,  about  20  cu.  in.  per 
trse-power  capacity  shuiikl  be  allowed  tor  starling  and  60  cu.  in. 
■r  hnr.-it-jKiwLT  for  runniDg. 

aii.  A  good  design  for  a  liquid  rheostat,  which  can  be  easily 
instructed,  is  shown  in  Tig.  1 14.     It  is  arranged  so  as  to  short-cir- 


til  the  electrodes  with  the  switch  when  all  resistance  is  out.  The 
■1:  oi  the  lank  is  determined  by  the  siie  of  the  electrodes  (roughly 
e  area  of  the  electrodes  in  square  inches  equals  number  oi  amperes) 
id  the  volume  of  the  liquid  necessary  to  radiate  the  heal  liberated 
,- the  alis.irpt.ion  of  the  civ  en  amount  of  power  (Fh£.  it.iV  Ifcwsw- 
g  the  size  0/  the  tank  and  (he  voltage,  the  so\uL\ow  an&  ma.\.«wifl> 
■  the  electrodes  and  tank  can  easily  be  chosen. 
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213.  Water  rheostats  can  be  worked  at  higher  densities  than 
those  given  in  Fig.  114  by  allowing  cool  water  to  circulate  through 

the  tank.    It  will  require  —~  kg.  or  -j-  lb.  of  water  per  hour  to  dis- 

t  t 

sipate  the  heat  liberated    by  the   absorption  of  1  kw.  with  a 

temperature  rise  of  /  deg.  cent.    This  formula  also  applies  to  the 

cooling  of  metallic  resistors  submerged  in  running  water. 

2 14.  Where  high  voltage  is  used  the  water  must  be  conducted  to 
and  from  the  tank  in  rubber  hose.    For  potentials  up  to  2,500  volts 
a  length  of  15  to  20  ft.  is  sufficient  to  prevent  grounding,  providing 
the  diameter  does  not  exceed  1  in.     For  larger  diameters  a  corre-  | 
spondingly  longer  hose  must  be  used. 


215. 


Values  for  Galvanized -iron  Wire  of  d*  in  1= JW$. 

{Standard  Handbook) 


Size 

Solid 

Stranded 

Size  cir. 
mils. 

Stranded 

B.  &S. 

d-inch 

*« 

d-inch 

d* 

rf-inch 

d* 

20 

0.0320 
0 . 0403 
0.0508 

0.0641 
0.0808 
0. 102 

0. 128 
0. 162 
O.181 

0.204 
0.229 
0.258 

0.289 
0.325 
0.365 

0.410 
0.460 

0.00571 
0 . 00809 
0.01145 

O.01622 
0.02298 
0.03254 

0.04620 
O.06520 
O.07760 

0.09240 
0. 1098 
0.1306 

0.1555 
0. 1852 
0.2203 

0.2620 
0.3120 

250,000 
300,000 
350,000 

400,000 
450,000 
500,000 

550,000 
600,000 
650,000 

700,000 
750,000 
800,000 

900,000 

1,000,000 

1,250,000 

1,500,000 
1,750,000 
2,000,000 

0.57S 
0.634 
0.682 

0.728 

0.777 
0.815 

0.855 
0.893 
0.930 

0.965 
0.999 
1. 031 

1.094 

1. 153 
1.290 

1. 412 
1.526 
1. 631 

0.437 
0.50S 
0.563 

0.621 
0.685 
0.736 

o.79i 
0.844 
0.890 

0.947 
O.998 
1.047 

1. 145 
1.238 
I.46S 

1.679 
1.885 
2.083 

18 

16 

14 
12 
10 

8 
6 
5 

4 
3 

2 

I 

0 

OO 

000 

0000 

0.073 
0.092 
0.116 

0.145 
0.184 
0.206 

0.232 
0.260 
0.292 

0.332 

0.375 
0.419 

0.470 
0.528 

0.0197 
0.0278 

0.0394 

0.055s 
0.0788 
0.0940 

0. 112 

0.133 
0.158 

0.911 
0.230 
0.271 

0.322 
0.384 

Note. — Formula  I=*kd%  is  used  in  calculation  of  wire  for  rheostats  with 
forced  cooling  (208). 

CIRCUITS  AND  ELECTRICAL  DISTRIBUTION 

216.  A  series  circuit  is  one  in  which  all  components  are  con-  ' 
nected  in  tandem  as  in  Figs.  115  and  116.  The.  current  at  every 
point  of  a  series  circuit  is  the  same.  Series  circuits  find  their  most 
important  commercial  application  in  series  arc  and  incandescent 
lighting.  They  are  seldom  if  ever  used  in  this  country  for  the 
transmission  of  power. 

217.  Multiple,  parallel  or  shunt  circuits  are  those  in  which  the 
components  are  so  arranged  that  the  current  divides  between 

them  (Figs.  116A  and  11 7).    Commercially,  the  &s\mctioxAwtow«e&. 
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multiple  and  series  circuits  is  that,  in  series  lighting  circuits,  the 
current  is  maintained  constant  and  the  generated  e.m.f.  varies  with 
the  load,  whereas,  with  multiple  circuits,  the  current  through  the 


Battery 


m\ 


/ 


Push  Button 
Electric  Be/Is 


T 


Series  Arc  Lamps 


-X- 


1 
X 


Vibrating     Single  Stroke 
Type.  Type. 


Fig.  115. — Series  electric-bell 
circuit. 


>       Constant  Current  I — , 
v^>f  " Generators.  ' 

*—\  Series  Incandescent  Lamps:     I 

tlx-x-T  T_xA>-? 

Fig.  1 16. — Series  street-lighting 
circuit. 


generator  varies  with  the  load  and  the  generator  e.m.f.  is  main- 
tained practically  constant 
218.    Adding  receivers  in  parallel  on  multiple  circuits  is  really 


n0 


{Push 
Button 

Battery 


Q 


Q 


¥-+ 


Q 


+ 


Electric  Bells 


Fig.  116A. — Electric  bells  in  parallel.' 

equivalent  to  increasing  the  cross-section  of  the  imaginary  conductor 
formed  by  all  the  receivers  in  parallel  between  the  +  and  the  — 
sides  of  the  circuit. 


Motor 


Generator, 


Incandescent  Lamps      Arc  Lamp 


Fig.  117. — A  multiple  circuit  for  light  and  power. 

219.    The  distribution  of  current  in  a  multiple  circuit  fcstawxi 
in  Fig.  118.    Motors,  heating  devices  or  other  equipment  T3qv&Yvu& 
electricity  for  their  operation  could  be  substituted  lot  \kfc  mewk- 
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descent  lamps  if  the  proper  current  values  were  substituted  for 
those  shown.  Note  that  the  currant  ia  the  "main  conductor! 
decreases  toward  the  end  of  the  run  and  that  the  current  supplied 
by  the  source — the  generator — is  equal  to  the  sum  of  the  currents 
2 Amp.      /Amp. 


4^r — '  l '  I   i   A  '  X  ■ 

SAma.  SAma     4Amp.     EAmp.     /Amp.   ~~/hcBndnalil 


5Amp.     4A<np.     EAmp.     lAtnfk     .   . 
Flo.  iiS— Multiple  circuit  currents.        "    k™P- 
required  by  all  of  the  components.     The  voltage  at  the  end  of  tie 
tun  is  less  than  that  at  the  generator. 

220.  A  multiple-series  or  parallel -series  circuit  consists  of  a  num- 
ber of  minor  circuits  in  scries  with  each  other  and  with  several  of 
^50  Wi/f  tncandtstxnt  Lom/?s 


Fig.  119.— A  parallel-scries  or  multiple- series  circuit, 
these  series  then  connected  in  parallel,  as  shown  in  Fig.  no.     Arc 
lamps  designed  for  such  connection  and  incandescent  lamps  are 
sometimes  arranged  in  this  way.     For  example,  5  arc  lamps  each 
requiring  100  volts  or  ro  incandescent  lamps  requiring  50  volts 


UK 
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are  respectively  connected  in  series  and  then  these  series  groups 
are  connected  across  a  500- volt  railway  circuit. 
221.  A  series-multiple  or  series -parallel  circuit  is  one  wherein  a 

number  of  minor  circuits  are  first  connected  in  parallel,  and  then 
several  of  the  parallel-connected  minor  circuits  are  connected  in 
series  across  a  source  of  e.m.f.  as  in  Fig.  120.  This  method  of  con- 
nection is  seldom  used.  (There  appears  to  be  a  difference  of 
opinion  as  to  what  constitutes  a  "series-multiple"  and  what  a 
"Multiple-series"   circuit.     The  definitions  of  Pars,  aao  and  ail 

are  in  accordance  with  the  practice  oi  the  Gmenl  Electric  and 

Westinghouse  companies.) 
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222.  A  divided  circuit  (Fig.  rai)  is  really  one  form  of 
or  parallel  circuit.     The  distinction  ' 
to  be  that,  as  ordinarily  used,  the 
term    "divided"    refers    to    an 
isolated  group  of  afew  conductors 
in  parallel  rather  than  to  a  grc 
of  a  large  number  of  conduct 
in  parallel. 

223.  The  joint  resistance  of 
a  number  of  conductors  in  par- 
allel can  be  computed  with  the 
Mowing  formula.  There  should 
be  as  many  terms  in  the  denom- 
inator of  the  formula  us  there  arc  eonductors  in  parallel: 


Example— What  is 
circuit  shown  in  Fin. 
ms?    Solution.— Su 


stance  of  the  1 


e  divided 
;e  tram  A 


+  r.    7+--+ 


IS     30     30 


3a 


324.  A  feeder  (or  feeder  circuit)  is  (Figs.  112  to  r24)  a 
conductors  in  a  distributing  -v-km  extending  from  the  original 
source  of  energy  in  the  installation  to  a  distributing  center  and 
having  nothing  connected  to  it  between  the  source  and  the  center. 
The  source  may  be  it  generating  or  a.  sub-station  or,  in  the  1 
building  or  house  wiring  a  connection  to  the  service  conductors 
from  the  street.     (See  Figs.  122,  123  and  124.) 

225.  A  main.  (Figs.  122  to  124.)  There  are  really  two  rather 
distinct  classes  of  mains  thus: 

(1)  A  main  is  an  extension  of  a  feeder  extending  from  one 
tribution  center  to  anotlii-r  distribution  I'enn.T  having  nothing 
nected  to  it  between  the   two  distribution   centers.     Frequently 
a  main  of  this  character  is  called  a  sitb-fcriler.      (r'ig.  122.) 

(2)  A  main  is  any  supply  circuit  to  which  other  circuits  (sub- 
mains  or  branches)  connect  through  <n<tomdik  cut-wits — fuses  or 
circuit  breakers — at  different  points  along  its  length.  Where  a 
main  is  supplied  by  a  feeder  the  main  is  usually  of  smaller  wire, 
than  the  feeder  which  serves  it.  An  energy-consuming  device  is 
never  connected  directly  to  a  main,  a  cut-out  always  being  inter- 
posed between  the  device  and  1  lie  main. 

225A.  A  sub-main  (Fig.  u;i  is  a  subsidiary  main,  fed  through 
a  cul-out  from  a  main  or  a  not  lie  r  sub- main,  in  which  branches  are 
connected  through  cut-outs.  A  sub-main  is  usually  of  smaller  wire 
than  the  main  or  other  sub-main  which  serves,  it.  Oi&matW}  wio- 
wains  are  referred  to  as  merely  "mains."  The  terat  wto-T 
not  been  ufcj  very  extensively, 
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326,  A  branch  or  branch  circuit  (Fig.  111)  is  a  set  of  conductors 
(feeding,  through  an  automatic  cut-out,  from  a  distribution  center, 
main  or  sub-main)  to  which  one  or  more  energy-consuming  devices 
are  connected  directly— without  the  interposition  of  cutouts. 
The  only  cut-out  associated  with  a  branch  is  that  through  which 
the  branch  is  fed  at  the  main,  sub-main  or  distribution  center. 

32-j.  A  tap  or  tap  circuit  (Fig.  112)  is  a  circuit,  serving  a  single 
energy-consuming  device,  connecting  directly  to  a  branch  without 
the  interposition  of  a  cut-out. 

aaS.  A  distributing  or  distribution  center  is  an  arrangement 
or  group  of  fittings  whereby  two  or  more  minor  circuits  are  con- 
nected at  a  common  point  to  another,  larger  circuit.  A  panel  boi 
is  one  form  of  a  distribution  center.     (See  Figs.  123  to  124.) 

329.  A  service  (or  a  service  connection)  is  a  set  of  conductors 
constituting  an  underground  or  an  overhead  connection  between 
conductors  (a  main  belonging  to  a  public  service  corporation)  in 
a  thoroughfare  and  those  of  an  interior  or  isolated  wiring  system. 
A  "service"  serves  the  wiring  system  with  energy. 

330.  A  loop  circuit  (see  Fig.  125)  is  one  wherein  all 


^Qeneraterfiaurce  of  Energy) 
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lamps  or  motors  for  example,  are  at  the  same  electrical  distance 

from  the  source  of  electricity.     By  tracing  paths  from  one  terminal 

back  to  the  other  through  any  receiver  it  will  be  found  that  tie 

length  of  line  is  the  same  in  every  case.     It  is  sometimes  supposed 

[Crocker's  Electric  Lighting)  that  this  arrangement  of  conductors 

must  give  the  same  pressure  at  all  of  the  receivers  since  the  sum 

of  the  distances  of  each  receiver  from  the  feeding  points  measured 

on  the  mains  is  constant.     Actually  the  middle  receiver  (see  Fig. 

i*S)  "ill  receive  a  lower  voltage  than  those  a.i  the  ewii  as  Ajwra 

in  the  diagram.     This  is  due  to  the  (act  that  At  rr.\ii\e  **c*»otj, 

*re  supplied  through  the  portions  oi  the  main  coo&mc\.om  -*Wtt 

!**ry  heavy   currents    and    in  which   the   dro?  '«  sna-waV.    *CT 

uuaplc,   the  drop  on  the  mains  in  the  case  <A  fl»  «aM*w«A« 
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is,  2+1.5+1.5+2  =  7  volts,  while  for  the  end  receiver  it  is  but 
2+1.5+1+0.5  =  5  volts. 

Loop  circuits  are  seldom  used  in  modern  installations.  They 
provide  close  voltage  regulation  but  more  conducting  material  is 
required  than  for  some  of  the  other  forms  of  circuits  which  provide 
sufficiently  good  results. 
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Pig.  125. — Loop  circuit. 

231.  A  tree  circuit  (Fig.  126)  is  so  called  because  its  main  con- 
ductors resemble  a  tree  trunk  and  the  branch  conductors  limbs. 

Tree  circuits  of  considerable  length  and  feeding  many  receivers 
are  usually  undesirable  and  uneconomical  because  it  is  impossible 
to  maintain  a  reasonable  voltage  regulation  on  them  without  using 
very  large  main  conductors.  Short  tree  circuits  consisting  of 
mains  and  branches  are  often  and  advantageously  used  in  both 
interior  and  out-of-door  distribution. 

232.  Main-and-feeder  circuits  are  widely  used  in  modern 
electrical  distributions.  This  is  not  only  because  the  feeder  and 
main  method  is,  for  a  given  voltage  regulation  at  the  receivers, 
the  least  costly  to  install  but  also  because  it  is  the  most  reliable, 
in  that  it  divides  the  load  into  sections  so  that  short-circuits  or 
trouble  in  one  section  is  not  apt  to  affect  the  rest  of  the  load.  This 
method  of  distribution  is  usually  adopted  by  the  central  station 
companies  in  the  construction  of  their  out-of-door  wire  plants  to 
distribute  electricity  to  their  subscribers.  Practically  the  same 
system,  on  a  smaller  scale,  is  nearly  always  used  within  buildings 
to  distribute  electricity  to  lighting  equipment  and  motors.  (See 
Figs.  1 2  2  to  1 24. )  The  feeder  in  an  interior  feeder  and  main  system 
may  connect  to  the  service  of  an  out-of-door  feeder  and  main  system. 

233.  A  ring  circuit  (Fig.  124)  is  one  wherein  a  main  (or  possibly  a 
branch)  forms  a  closed  ring.  It  is  usually  a  special  case  of  a  feeder- 
and-main  circuit.    In  out-of-door  distributions  ring   mains  are 

sometimes  carried  arounjl  a  city  block  or  around,  a  certain  &ata\<& 
and  branch  mains  or  services  are  led  by  tbfc  n^  mam.    Ota 
feeder  or  several  may  serve  a  ring  main  each  conTveeXYnfc  aV  a  SmweoX. 
«**.     In  interior  electrical  distributions,  ring  ma\n*  ax*  v&tasa 
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used  except  in  industrial  plants,  but  for  this  service  they  c. 
be  applied  to  advantage. 

234.  The  three-wire  system  is  used  because  it  saves  copper. 
<See  Fig.  137.)  Incandescent  lamps  fur  about  100  volts  are  more 
economical  than  those  for  higher  or  lower  voltages.  A  system  of 
any  consequence  operating  at  no  volts  would  require  very  large 
conductors  to  maintain  the  line  drop  within  reasonable  limits. 
"Willi  the  three-wire  system,  a  low  voltage,  say  1 10,  is  impressed 
on  the  receivers  while  one  twice  as  great,  say  jjo,  is  used  for  trans- 
anission.  Since  the  weight  of  conductors  for  a  given  loss  varies 
inversely  as  the  square  of  the  voltage  (sec  242 J  it  is  evident  that  a 
■considerable  saving  is  possible  with  the  three-wire  system.  In  this 
■country  the  three-wire  system  is  of  most  importance  as  applied  to 
aio-aao  volt  lighting  systems. 


233.    The   principle   of   the   three-wire   system  is  illustrated 

ill  Fig.  127.  Incandescent  lamps  fur  1  to  volts  c  mid  be  connected 
two  in  series  across  ?;□  volts  as  shown  at  /  and  while  each  lamp 
Would  operate  at  1 10  volts,  the  energy  in  I  he  group  would  be  trans- 
mitted at  220  volts  and  the  outside  conductor  could,  with  equal 
loss,  be  one-fourth  the  size  that  would  be  necessary  if  ihe  energy 
was  transmitted  at  jio  volts.  This  arrangement  (Fig.  117,  /) 
While  it  would  operate,  is  not  commercially  feasible  because  each 
lamp  of  each  pair  of  lamps  in  series  must  be  of  the  same  size  and 
ii  one  lamp  goes  out.  its  partner  is  also  extinguished.  These  dis- 
advantages might  be  partially  corrected  by  running  a  third  wire 
as  at  Fig.  127,  //.  Then  one  lamp  might  he  turned  off  and  the 
others  would  burn  and  a  single  lamp  might  be  added  to  eilAxei 
side  of  the  system  be,1  icerii  I  hi:  ihirtl  wire  and  either  oi  \V«  ouXaiAfe 
•rins.  But  unless  the  tnt.il  re.si'.sfanc.e  of  all  of  the  \am\is  coracecAavi. 
a  one  side  was  practically  equal  to  that  of  all  ol  the  Writ's  cem.- 
'cted  to  the  other  side,  thi:  voltage  across  one,  side  -woveA  ^a 
■bttjhtn  that  across  the  other.      On  the  high  side.  tte\w»S* 
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would  burn  bright  and  on  the  low  side  dim.     Obviously,  1 

feasible  in  practice  to  so  arrange  or  "balance"  the  sides  that  tl 
will  have  the  same  resistance.     Hence  some  other  method  n 
be  used  in  practicable  three-wire  systems  whereby  the  electri 
will  be  transmitted  at,  say,  220  volts  and  the  pressure  a 
lamps  will  be,  say,  1 10  volts. 

336.  Commercial  three-wire  systems  consist  (Fig.  nji  i 
and/t')  of  two  outer  conductors,  having  (for  lighting  inalatlatio 
a  pressure  of  220  volts  impressed  across  them  and  a  neutral  » 
so  connected  to  sources  of  voltage  that  the  pressure  betweei 
and  either  of  the  outside  wires  is  no  volts.  In  Fig.  ; 
erators  are  the  sources  of  voltage.  "The  neutral  wire  joins  a 
,g6n»im 


*1  i~jC5E 


J     ^jTAn/nm 


Fie.  137.— Elements  of  the  three-wire  system. 
point  where  the  generators  are  connected  together.  When  ibe 
system  is  perfectly  balanced,  the  neutral  wire  carries  no  current 
and  the  system  is  in  effect  a  220-volt  system.  Perfect  balance 
seldom  obtains  irt  practice.  When  the  balance  is  not  perfect, 
the  neutral  wire  conveys  a  current  equal  to  the  difference  between 
the  current  taken  by  one  side  and  tiat  taken  by  the  other  side. 
Note  from  Fig.  127,  IV,  that  the  current  in  different  parts  of  the 
neutral  wire  may  be  different  and  that  it  is  not  necessarily  in  tha 
same  direction  in  all  parts  of  the  neutral  wire.  Each  incandes 
lamp  in  Fig.  127,  IV,  is  assumed  to  take  1  amp.  and  the  5 
figures  indicate  the  currents  in  different  parts  of  the  circuit. 

237.    The  Size  of  the  Neutral  Wire  of  Three-wire  Sjt 
— Where  the  balance  is  and  alw  ■'.■■■  i  will  U'  !•■■■  n  ti  no  neui  val 
is  necessary.     In  out-of-door  dhirlbuLion   systems  the  ueuti 
often  one-half  the  size  of  the  outer  wires.      For  interior  \ 
the  neutral  is  frequently  made  the  same  size  as  the  outside 
However,  a  neutral  conductor   having   tivo-thirds — or  evei 
half — the  cross-sectional  area  of  each  of  the  outers  will 
satisfactory  if  it  is  protected  in  accordance  with  Code  requiremi 
Some  engineers  specify  ill  us;  Wh;  re  the  on  I  era  are  No.  6  orsma 
the  neutral  shall  have  the  same  area  as  each  of  the  outers  and  wL. 
the  outers  are  larger  than  No.  6  the  neutral  s\i3,\\.Wjet'«a-tMi 
the  area  of  each  of  the  outers, 

JjS.     The  amount  of  unbalance  that  mag  conm  00.  a. 
*fre  system  depends  on  local  conditions.     In  oioXnavs  Vro 
■{rbtmg  systems  the  unbalanced  load  seldom  5*cee^"\^f  J5 
"*  total  load.      Probably  5  per  cent,  la  a.  San  wrens*  tat » 
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aid-out  system.  Balancer  sets  for  interior  three-wire  systems  are 
frequently  specified  of  sufficient  capacity  to  lake  care  of  a  10  per 
— ent.  unbalance.  Sometimes  the  unbalance  on  a  poorly  laid  out 
system  may  be  10,  30  per  cent,  or  even  more. 

239.  Application  of  Alternating  Current  and  of  Direct  Current 
For  Distribution. — The  following  suggestions  are  general  and 
cannot  be  expected  to  apply  10  every  special  case.  Where  elec- 
tricity is  to  be  distributed  fur  l;gli;i:ig  only  and  not  at  a  greater 
distance  than  about  a  mile  from  the  generating  station,  direct 
■jurrcnt  will  probably  be  most  satisfactory  and  economical.  If 
many  adjustable  speed 


%o  convert  alternating  into  direct  current,  at  the  using  point. 
■with  a  motor  generator  or  rotary  converter.  There  is  no  satis- 
factory alternating  current,  adjustable  speed  motor  that  has  the 
general  characteristics  of  the  direct- current  shunt  or  compound 
■wound  motor. 

Where  electricity  is  to  be  distributed  to  points  more  than  a  mile 
distant  from  the  station,  alternating  current  will  usually  be  most 
economical  and  satisfactory.  It  may  be  generated  at  a  reasonably 
high  voltage  and  transmitted  to  the  [mints  where  it  is  to  be  used 
at  that  voltage  and  there  "stepped  down"  with  transformers  to 
the  voltage  required  by  the  rcccivcis.  Transmitting  at  a  high 
voltage  makes  possible  the  use  of  small  feeder  conductors.  Where 
many  constant -speed  motors  arc  lo  lie  used,  polyphase  alternating 
current  is  always  preferable  for  either  short  or  long  distribution 
distances  because  polyphase  couslanl.-sp.-ed  motors  are  simpler  and 
more  reliable  than  direct  current.  Furthermore,  alternating-cur- 
rent motors  can  be  operated  on  higher  voltages  than  can  direct 
current,  so  it  is  not  necessary  to  step  down  for  Ihem  unless  the 
voltage  of  the  generator  is  quite  high.  Two-wire  (single-phase) 
electric  lighting  can  always  be  arranged  from  single-phase  or  poly- 
phase alternating- current  circuits. 

Alternating  current  is  always  used  where  it  is  necessary  to 
transform  from  one  voltage  to  another  without  (lie  use  of  moving 
apparatus  and  offers  a  very  flexible  system  in  this  respect.  But 
where  transformers  are  used  there  are  slight  losses  in  them  even 
when  they  are  not  loaded.  An  alternating -current  system  also 
has  the  disadvantages  that,  its  iiihcivil  collage  regulation  and  its 
efficiency  are  not  so  good  as  those  of  a  direct-current  system. 
This  is  particularly  true  if  much  inductive  equipment,  that  con- 
taining coils  wound  on  iron  such  as  tin 'tors  and  arc  lamps,  is  con- 
nected lo  the  circuits.  Despite  these  disadvantages  experience 
has  shown  that  alternating  is  preferable  to  direct  current  for  the 
applications  outlined  above.  Polyphase  constant-speed  motors 
are  preferable  to  direct-;  urrenl  constant  speed  motor*  because  they 
are  simpler,  in  that  they  have  no  commutator  and  t\te.;j  tmt  Vsa 
lo  maintain  than  do  direct- current  motors.  Direct  oanwA.  \a 
nearly  always  used  in  oln.v  bipihiirijrs  served  by  "vsrAaAcA  tftas** 
JivaiM  -u,:h  loads  are  mainly  hfrhtinfr 

wT,^e%Ct^\°l  a  Fre<J"e°cy.— There  are  two  lw(f«*« 
wmtmndud  in  th,s  country,  as  L-vdcs  and  60  cycles-      N&.  oVtoi 
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things  being  equal,  25  cycles  would  seem  at  first  sight  preferable  : 
because  there  is  less  inductive  effect  with  it  than  with  a  higher 
frequency.  It  therefore  follows  that  the  inherent  voltage  regular 
tion  of  a  2  5 -cycle  system  is  better  than  that  of  a  60-cycle  system 
and  also  that  the  25-cycle  system  is  a  trifle  more  efficient.  For 
transmission  distances  of  less  than  a  few  miles  neither  of  these 
factors  is  of  much  consequence  one  way  or  the  other.  Alternating 
current  at  25  cycles  is  not  particularly  well  adapted  for  electric 

.  lighting  because  arc  lamps  do  not  operate  well  on  it  and,  under 
some  conditions,  with  certain  generator  waves,  a  flickering  due  to 
25-cycle  current  alternations  is  visible  in  incandescent  lamps.  1 
With  frequencies  lower  than  25  the  flickering  is  quite  perceptible, 
while  with  60  cycles  no  flickering  is  noticeable.  However,  some 
large  lighting  systems  are  successfully  operated  at  25  cycles.  The 
advent  of  metallic  filament  lamps  of  high  candle-power  renders 
the  matter  of  operation  of  multiple  arc  lamps  of  little  importance 
and  scries  arc  lamps  are  now  usually  operated  on  direct  current    [ 

Several  years  ago  a  frequency  of  25  cycles  was  often  considered 
necessary  for  the  operation  of  rotary  converters  but  modern 
converters  operate  as  well  on  60  cycles  as  on  25. 

It  is  often  wise  for  an  isolated  plant  to  adopt  the  frequency  of 
the  local  central  station  so  that,  in  emergencies,  energy  or  apparatus 
can  be  interchanged.  Transformers  and  most  other  apparatus, 
except  very  slow  speed  motors,  is  as  cheap  or  cheaper  for  60  cycles 
as  for  25  and  the  delivery  on  60-cycle  apparatus  is  better.  A  great 
proportion,  probably  over  85  per  cent.,  of  the  equipment  sold 
in  this  country  is  for  60  cycles  and  it  is  probable  that  the  average 
isolated  plant,  central  station  or  industrial  plant  which  supplies 
electricity  for  light  or  power  or  for  both  should  adopt  a  frequency 
of  60  cycles.  However,  where  the  power  load  is  important  and 
very  slow  speed  motors  must  be  used  25  cycles  is  adopted  as  it 
is  not  feasible  to  economically  build  60-cycle  motors  for  very  slow 
speeds.  For  example,  steel  mills  and  cement  plants  often  adopt 
25  cycles. 

241.  Selection  of  a  Voltage  for  a  Distribution  System. — The 
standard  voltages  for  which  American  manufacturers  build  electrical 
apparatus  are  no,  220,  440,  550,  1,100,  2,200  and  higher  ones, 
the  treatment  of  which  is  not  within  the  scope  of  this  book.  These 
are  nominal  voltages  and  it  is  seldom  that  apparatus  is  operated 
at  exactly  any  one  of  them.  It  may  be  operated  at  some  one 
voltage  within  a  range  extending  from,  possibly,  5  per  cent,  below 
to  5  per  cent,  above  the  nominal  voltage. 

Incandescent  lamps  for  220  volts,  in  the  50-  to  60-watt  sizes,  are 
10  to  15  per  cent,  less  efficient  and  cost  more  than  do  corresponding 
1 10- volt  lamps.  This  is  an  inherent  condition  due  to  the  rela- ' 
tively  great  length  and  smaller  diameter  of  the  220-volt  filament 
and  it  cannot  be  corrected.  Steinmetz  says:  "The  220-volt 
lamp  has  no  right  to  existence."     It  ioYLowa  lYvaX  a.  Tu&TDsaaJiNdfcaiji 

of  no  (an  actual  voltage  of  something  \>eVweea.  "i-o^  acA  vion<&^ 

should  be  used  at   the  terminals  oi  mcaaaAeacciA.  \&xn£&  ^aw 

feasible.      Sometimes    (Fig.    128)  it  is  desuaXA*  \.o  ^fc  "^ 

lamps  where  the  load  is  largely  a  aao-voU  moV*  V»a-    »« 
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case  the  use  of  22o-volt  lamps   may  be  justified  because  of  the 
simplicity  of  the  method. 

Branches  serving  in  can  descent  lamps  (Tig.  128,  II)  must  always 
be  two-wire  and  ■      ■ 

dence  wiring,  are  often,  and  profitably,  three  wire  because  of  the 
economy  in  copper  of  the  three-wire  system. 


SSO-Volf  Lamps  Two  Wire  --  " 
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less  to  install  and  it  can  be  used  with  fair  economy  iot  &«.*»».«» 
up  to  possibly  a  mile.     H  the  load  is  almost  ™\m-\v  \\*,\\\'™*t  ™ 
adjastable  speed  motor*,   the  distribution  (Fin    no    1~1  *qm\4« 
SSTfJT'*  l"'(.  "-rec-wire,  and motors sW& ** «£* 
«f  mt  zio  volts.     But  ,f  there  js  a  coT.rideia.Ue  wwa*"*"*^ 
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phase,  and  then  three-wire,  angle-phase,  iio-aao-volt  lightinj 
circuits  can  be  arranged  from  one  or  all  o£  the  phases  with,  balana 
coils.     {See  Fig.  ug,  //.) 


ttektThisfabkisstrktycoiTKtferdirtqt 
and  is  yery  nearly  correct  fbra/femafir, 

30  Kilowatts  Generated  at  EVo 
(limbieS  Elements  of  ElEctnaty 

j-cunint 

** 

Volts 
E 

«T" 

■ 

Line  Loss   Malls  Left 
uHS        for 
V  K         Motor  V 

Waifs 

'-":■'■ 
P^rCCTt 

ISO 

Impossible  Case 

100 

s;o 

zo.cso 

P 

0 

75 

/  7J 

al'5 

-■-.■ 

a:-1 

-:•■.'■■""'■' 

ji-i; 

;:!.'.V 

,,-.:< 

7  ..W.J 

■';■<-■ 

,:».Jt;:J 

800 

111.5 

*.  a:S 

B7  5 

?5.75C 

.10. 

90 

:-,■'■'■■."■ 

■  ■■! 

-:}.:-&! 

'TOO 

?S 

75 

■■.  =  ■■;" 

:/.;; 

y-..!?5 

IPX.-:' 

lbo:> 

60 

''£0? 

<'.■*"<'? 

th.wq 

as. 

10 

30 

~~ 3BF" 

7.iW 

:?.?::■ 

9S. 

?.  :w,:' 

/,■,..-■ 

9 

F7 

79:373 

:■:■': 

i  5 5 o-volt, three-phase,  fe\rtont\OTi.win<S 
xo-volt    rootoxa  Hurtst  praSAstoYj  ^c  -«j* 


Either  a  44o- 

*9,  Jfl)  440-  or   550-volt   rootoxa  nugUt   r ---.  -- 

wrf  0/  the   22o-volt  and  a  savir*  a  a\»vit  "Co»fe*M*k» 


Sect.  1] 


FUVIUMGNTALS 


(19 


copper  would  result.  Balance  coils  could  be  used  to  provide 
1 10-aao-volt.  three- wire,  lighting  circuits.  However,  a  voltage 
exceeding  300  is  quite  apt  to  kill  a  man  that  crosses  it,  while  persons 
are  very  seldom  killed  on  the  voltages  lower  than  300.  So,  as  a 
rule,  440  volts  or  greater  should  not  be  installed  in  any  plant 
where  the  electrical  apparatus  cannot  have  expert  supervision. 
Vet  440  or  550  volts  is  low  enough  that  motors  can  be  conveniently 
operated  at  those  pressures  and  in  practice  the  insulation  used  on 
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ihem  is  the  same  as  for  jio-volt  machines.  Voltages  of  440  or 
SSO  find  their  widest  applications  in  industrial  r>laiits  and  are 
seldom  used  in  central-station  distributions.  Direct-current  "jo\.<_- 
iges  of  400  to  jro  are  now  seldom  used  except  in  street  taStwa-'j 

A  voltage  of  1,000  is  practically  never  used  in  commercial  10' 

tins  cr„„!try  except  for  railways 

or  central  sutidtu  or  industrial  plants  distributing,  *»  £«t*W* 
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up  to  a  few  miles  from  the  station,  a  nominal  alternating  current 
voltage  of  2,200  is  often  adopted.  Higher  voltages,  the  treatment 
of  which  is  not  within  the  scope  of  this  book,  are  also  frequently 
used.  (See  Fig.  130.)  The  generators  are  three-phase  in  modern 
installations  and  each  or  one  of  the  phases  is  used  for  single- 
phase  lighting.  Power  service  is  supplied  by  all  three  phases. 
Transformers  stepping  down  from  2,200,  single-phase,  to  no  volts 
single-phase  or  to  1 10-220  volts,  single-phase,  three-wire,  are  used  foi 
lighting.  Three-phase  transformers,  stepping  from  2,200  to  220, 
440  or  550  volts  are  used  for  three-phase  constant-speed  motors 
or,  in  special  cases,  2, 200- volt  motors  are  used.  If  adjustable-speed 
motors  are  required,  a  motor  generator  set  can  be  installed  which 
will  deliver  direct  current  at  220  volts. 

242.  A  high  distribution  voltage  is  desirable  from  the  stand- 
point of  cost  of  line  conductors  because:  The  power  lost  in  a  given 
line,  transmitting  a  given  watts  load,  varies  inversely  as  the  square  0) 
the  impressed  voltage.  It  follows  that:  The  weight  of  a  conductor  f 01 
transmitting  a  given  watts  load  with  a  given  power  loss  is  inversd) 
proportional  to  the  square  of  the  voltage.  If  the  voltage  is  doubled, 
only  one-fourth  the  copper  will  be  required  to  transmit  the  powa 
with  the  same  energy  loss  in  the  line.  Requirements  of  safety  and 
utility  compel  the  use  of  relatively  low  voltages  for  ordinary  elec- 
trical distribution. 

Example." — Fig.  131  illustrates  the  economy  of  high  line  voltages  by  givinj 
values  for  the  transmission  of  a  certain  amount  of  power  at  different  voltage* 

243.  Relative  Weights  of  Copper  Conductors  Required  fa 
Different  Systems  of  Distribution. — The  values  given  in  Fig.  ija 
are  true  ones  assuming  for  all  systems:  equal  voltages  on  the 
lamps  or  other  receivers,  equal  amounts  of  power  transmitted, 
equal  line  losses  and  balanced  circuits.  The  weight  of  the  conductor! 
of  a  two-wire,  direct-current  circuit  is  assumed,  for  conve 
nience,  to  be  100  per  cent.  For  the  derivation  of  the  values  stt 
Crocker's  Electric  Lighting,  Vol.  II. 

BATTERIES 

2 44.  The  Theory  of  the  Electric  Battery  (Standard  Handbook),— 

When  two  different  metals  come  in  contact  with  each  other  then 
is  generated  an  e.m.f.  the  value  of  which  depends  upon  the  kind  0! 
metal,  the  character  of  the  contact  surfaces,  the  medium  in  whicl 
the  contact  takes  place,  the  conditions  existing  in  the  medium 
etc. 

If  a  circuit  made  up  of   various  substances  and  including  n< 
source  of  energy  is  closed  on  itself  the  various  contact  e.m.fs.  wil 
just  compensate  and  the  resultant  e.m.f.  of  the  circuit  will  be  zero 
However,  if  the  circuit  includes  a  source  of  energy  as  heat  (thermo- 
couple), or  chemical  reaction,  an  unbalance  of  e.m.f.  will  be  pro 
duced  and  a.  current  established,  this  current  tending  to  reaua 
the  e.m.f.  of  the  source  and  restore  the  sta,t\c\>atato£.e  <&>&&%<ptaea 
Polarization  is  the  action  of  the  current  mxeducmfc  >fofc  *.x<i.V 
e  cell  and  it  is  overcome  by  the  use  oi  certain  s\jX»\»»r«&  ^ 
Polarizers. 
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145.  The  materials  consumed  in  a  battery  represent  a  given 
quantity  of  energy.  Since  the  internal  e.m.f.  is  a  constant,  the 
total  electrical  energy  output  of  the  chemical  reaction  is  directly 
proportional  to  the  quantity  of  eh:i-|  ri<  ity  produced. 

246.  The  e.m.f.  of  a  given  cell  is  the  contact  e.m.f.  and  is  there- 
fore independent  of  the  dimensions  of  the  battery.  The  energy 
and  power  of  the  battery,  however,  arc  directly  affected  by  t' 
dimensions.  For  a  given  battery  the  energy  stands  in  a  dire 
ratio  to  the  weight  of  active  material.  The  power  for  a  givea 
number  of  cells  in  series  <;:ivcn  cni-i".  :■  is  detennmed  by  the  area 
of  the  plates.     The  e.m.f.,  of  course,  depends  only  on  the  number 

247.  The  standard  Daniell  cell  has  an  e.m.f.  which  is  prac- 
tically 1  volt  when  delivering  a  constant  current.  There  are 
many  forms  of  Daniell  cell;  each  of  which  is  particularly  adapted 
to  certain  service,  but  all  having  very  nearly  the  same  e.m.f. 
( 1. 07 -f- volts).  The  e.m.f.  is  not  changed  appreciably  by  the 
degree  of  concentration  of  the  solutions;  by  the  temperature;  by 
the  resistance;  by  the  purity  of  the  zinc  or  copper,  etc.  In  short, 
it  makes  a  very  good  nui;;h  and  rendy  standard. 

A  very  good  model  is  that  used  by  the  British  Post-office.  The 
jar  is  made  with  two  compartments;  one  containing  the  porous 
cup  immersed  in  water,  in  which  are  placed  a  copper  plate  and 
crystals  of  copper  sulphate.  The  other  compartment  contains 
the  Bine  plate  and  the  50  per  cent,  saturated  solution  of  zinc  sut 
phate.  The  zinr  plate  is  fastened  so  as  In  lie  just  clear  of  the  solu 
tion,  and  a  pencil  of  zinc  is  placed  in  the  bottom.  When  ii 
use,  the  porous  cup  is  placed  in  the  second  compartment,  thus  rais 
ing  the  level  of  the  zinc  solution  so  as  to  immerse  the  zinc.  Under 
working  conditions  the  e.m.f.  is  about  1.07  volt;  when  nev  '' 
is  about  1.079  volts. 

248.  The  gravity  type  cell,  which  is  used  in  telegraph  work,  is 
suitable  foe  closed -circuit  work,  lull  should  not  be  used  for  appli- 
cations where  it  is  liable  to  stand  for  a  long  time  on  open-circuit. 

249.  In  setting  up  the  gravity  cell  place  the  copper  electrode 
(  — )  in  the  bottom  of  the  jar  ami  pour  in  about  3  lb.  of  co 
sulphate  crystals.  Next  place  the  zinc  electrode  (  +  )  and 
with  water  to  cover  the  zinc;  to  the  water  add  a  tablespoonful  of 
sulphuric  acid.  Cover  the  eleclroh  lc  with  a  layer  of  pure  mineral 
oil,  which  should  be  free  from  naphtha  or  arid  and  have  a  fla: '" 
point  above  400  deg.  fahr.  If  the  oil  is  not  used  the  creeping  c: 
be  stopped  by  dipping  the  edge  of  the  jar  in  hot  paraffin.  When 
the  cell  is  thus  set  up  it  should  lie  shorl-i  irciiii.ed  lor  a  day  or  two 
to  form  zinc  sulphate  which  will  protect  the  zinc  electrode;  this 
preliminary  run  also  reduces  the  internal  resistance.  The  fc — 
pcrature  of  the  cell  should  be  kept  above  70  deg.  fahr,  since  u*t 
resistance  increases  wry  fast  with  a  decrease  in  ivrnpeiaAute. 

The  internal  resistance  of  the  gravity  tell  is,  dtiViwotiVt  Irom  i 
tojohms.     A  blue  color  in  (he  bottom  of.  the  cett.  denote  a.  %«A. 
condition,  but  .-;  brown  color  shows  that  the  zuic  "vs.  JttwtotaliT*' 
When  renewing  I Lv  coVpcr  sulphate    it   is.  best,  to   em\?t-J   *«  « 
vd  set  it  up  w,th  a  completely  new  clectroAyte.     T\ie*»\« 


122       AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect  I 

which  marks  the  boundary  between  the  copper  sulphate  and  th 
zinc  sulphate,  should  stand  about  half  way  between  the  electrodes 
If  it  comes  too  close  to  the  zinc,  some  of  the  copper  sulphate  cai 
be  siphoned  out  or  the  cell  can  be  short-circuited  so  as  to  produo 
more  zinc  sulphate.  If  the  blue  line  goes  too  low  some  water  am 
crystals  of  copper  sulphate  should  be  added. 

250.  The  Fuller  cell  is  well  adapted  to  telephone  work  or  an; 
intermittent  work.  It  can  stand  on  open-circuit  for  several  month 
at  a  time  without  any  appreciable  deterioration. 

251.  The  Fuller  cell  is  set  up  as  follows:  Mix  the  electrolyb 
by  adding  6  oz.  of  potassium  bichromate  and  17  oz.  of  sulphurii 
acid  to  56  oz.  of  soft  water;  pour  this  mixture  into  the  glass  jar 
Into  the  porous  cup  put  one  teaspoonful  of  mercury  and  twi 
teaspoonfuls  of  salt;  place  the  cup  and  zinc  electrode  in  the  glas 
jar  and  fill  to  within  2  in.  of  the  top  with  soft  water.  Put  on  thi 
cover,  insert  the  carbon  electrode,  and  the  cell  is  ready  for  use. 

The  color  of  the  solution  is  orange  when  in  working  order.  Th 
resistance  varies  from  0.5  to  4  ohms  depending  upon  the  conditio 
and  dimensions  of  the  porous  cup  and  upon  the  concentration  0 
the  solution. 

252.  The  Edison-Lalande  or  Edison  cell  is  suitable  for  eithe 
open  or  closed-circuit  work.  The  mechanical  construction  of  thi 
cell  is  especially  good.  The  positive  pole  is  a  plate  of  compresse 
oxide  of  copper,  the  surfaces  of  which  are  reduced  to  metalli 
copper  to  improve  the  conductivity.  This  form  of  plate  also  act 
as  a  depolarizer.  The  negative  pole  is  of  pure  zinc  amalgamate 
throughout  by  adding  mercury  when  the  casting  is  made.  Th 
electrolyte  is  a  solution  of  caustic  soda.  The  top  of  the  solutioi 
is  covered  with  a  heavy  mineral  oil  to  prevent  the  solution  fron 
evaporating. 

These  cells  have  an  initial  e.m.f.  of  0.95  volt,  which  drops  tj 
0.70  volt  when  the  circuit  is  closed.  The  internal  resistance  i 
very  low,  varying  from  0.020  to  0.089  ohm,  depending  upon  thi 
type  of  cell.  The  Edison  Manufacturing  Co.  nave  kindly  sub 
mitted  the  following  data: 

Continuous  capacity,  amp 1.5  2.5  4.0  6.0  1-0 

Max.  capacity,  amp 7-49  9-53  iS-Si  26.68  33-35 

Capacity,  amp-hr 100  150  300  300  600 

Internal  resistance,  ohm 0.089  0.070  0.043  0.025  0.020 

253.  The  Leclanche*  cell  is  adapted  "only  to  intermittent  wori 
such  as  bells,  telephones,  etc.    It  is  cheap  and  easy  to  maintain. 

254.  The  Leclanche*  cell  is  set  up  as  follows:  Put  3  or  4  oz.  d 
sadammoniac  in  the  jar;  pour  about  one-third  full  of  water  and 

stir  until  the  saJammoniac  is  all  dissolved*,  p\a.c&  l\\fc  caxbon  dec- 
rode  in  the  porous  cup  and  pack  it  around  *mt\v  mtta%*M«sfc  &csift 
id  crumbled  carbon;  then,  inserting  tne  potou*  c\x£  «&&Vtaft'fl 
ctrode  into  the  jar,  the  cell  is  ready  lot  use. 
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Practically  the  only  attendance  consi-f5  in  receiving  the  >■ 
orated  water.  The  zinc  is  replaced  when  worn  out.  When  it  .  . 
comes  necessary  to  add  salammoiiiac  the  solution  should  be  thrown 
out  and  a  new  one  made.  If  the  porous  cell  becomes  clogged, 
soaking  in  warm  water  will  improve  it. 


>des, 

the  state  of  the  porous  cup  and  the  condition  of  the  cell.  Under 
proper  working  conditions  a  n  ■■  i  '.villi  a  earl  top -elect  rude  having  about 
8  sq.  in.  surface,  the  resistance  will  be  about  t.5  ohm. 

255.  The  dry  cell  is  a  very  popular  form,  and  does  not  require 
any  attendance.  It  is  simply  thrown  away  when  exhausted.  The 
jar,  generally  of  zinc,  forms  on*;  electrode.  The  carbon  electrode 
is  suspended  tn  the  center  of  the  zinc  vessel,  care  being  taken  not 
to  allow  it  to  touch  the  zinc.  The  ;:[n<:  i>  prokvietl  by  several 
thicknesses  of  blotting  paper  and  the  chamber  filled  with  a  mixture 
of  carbon,  manganese  dioxide  and  sawdust  (or  some  absorbent 
substance),  the  mixture  being  saturated  with  a  solution  of  salam- 
moniac.  The  top  is  sealed  with  wax  and  the  whole  cell  slipped 
into  a  pasteboard  box. 

Oftentimes   the  life  can  be  extended   slightly  by  punt 
hole  in  the  lop  and  pouring  in  water. 

256.  A  storage  battery,  secondary  battery,  or  accumulator 
(Standard  Handbook)  is  an  electrical  device  in  which  chemical 
action  is  first  caused  by  the  passage  of  electric  current,  after  which 
the  device  is  capable  of  giving  'iff  electric  current  by  mi 
secondary  reversed  chemical  0 client.  Any  vohe.ic  couple 
reversible  in  its  action  is  a  storage  battery.  The  process  of  storing 
electric  energy  by  the  passage  of  current  from  an  external  sour" 
is  called  charging  the  battery;  when  the  battery  is  giving  off  c 
rent,  it  is  said  to  be  discharging.  A  storage-battery  cell  has  t 
elements,  or  plates,  and  an  electrolyte.  The  I  wo  plates  are  usua 
made  of  the  same  material,  though  they  may  be  of  two  different 
materials. 

257.  The  unit  of  capacity  of  any  storage  cell  is  the  ampere- 
hoot  and  is  generally  based  on  the  8-hr.  rate  of  discharge.  Thus 
a  100  amp-hr.  battery  will  give  a  ranliiiuous  discharge  of  raj 
amp.  for  8  hr.  Theoretically  it  s-hoiih!  give  a  discharge  of  25  amp. 
continuously  for   4   hr.   or   50   amp.   for    2    hr.     As   a 

■vec,  the  ampere-hour  capacity  decreases  with  a 
ul  discharge  rate. 

258.  The  capacity  of  a  cell  is  proportional  to  the  exposed 
area  of  the  plates  to  which  Lhe  elecLrulyte  has  access,  and  depends 

:  quantity  of  the  active  material  on  these  plates. 

Tie  capacity  of  batteries  depends,  theretoie,  onYVe  "ivtc 

—  of  plates  in  parallel,   their  character,  the  taXe.  <A  <&*- 

—  ->n  tbe  temperature.     Takiny,  the  &-\h.t*,\s.  <AKv=- 

■atuKo!  60-deg.   fahr.  as  standard,  vVve ca.v»cAW 

"'"can   practice  are  from  40  to  bo  am^-Vi.  vv 
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square  foot  of  positive  plate  surface  ( =  no.  of  positive  plat 
lei  XlenglhXbrcadthXa). 

260.  The  voltage  of  any  storage  cell  depends  only  on  ths  | 
character  of  the  electrodes,  (.lie  electrolyte  density  and  the  contir-  1 
tlon  of  [he  cell,  and  is  independent  of  the  si/e  of  the  cell. 

261.  The  voltage  of  the  lead  sulphuric -acid  cell,  when  beini;  I 
charged  is  from  2  to  2.5  volts,  while  on  discharge  it  varies  from  1 
2.0  down  to  1.7  volts.     (See  Fig.  133.) 

262.  High  battery  voltages  are  obtained  by  joining  the  re-  ' 
quired  number  of  cells  in  series.  Thus  for  too-volt  circuits,  ap-  ' 
proximately  50  cells  in  series  Eire  required. 

263.  The  lead  storage  battery  of  commerce  is  made  up  with   1 
electrodes   having   their    active    materials   of   lead   peroxide   and  I 
sponge  lead  as  the  positive  and  negative  electrodes  respectively, 
immersed  in  a  dilute  solution  of  sulphuric  acid. 


1.199  acid  - 

1.13-1  t^O 

1.186  >2.00  " 
Utt     1.90  - 


xpr*3™'?"  -**&  =; — -  - 

is 

E      3       4-       5       6 


Fig.  ; 


264.  There  are  two  general  types  of  plates,  for  lead  storage 
batteries,  namely,  the  I'lame  ami  the  pasted,  and  numerous  varia- 
tions of  each  of  these  types.  In  the  i'lanie  type  i>f  plate  the  active 
materials  arc  formed  out  of  and  on  (he  lead  surface  of  the  pints 
itself.  Pasted  plates  are  made  up  by  applying  the  active  material 
by  some  mechanical  process,  such  as  mising  in  a  paste  and  spread- 
ing on  the  surface  of  a  grid  or  plate.  The  pasted  active  material 
has  some  substance  added  to  it  to  cause  it  to  set  or  harden. 

265.  The  essential  differences  between  the  Plante  and  the 
pasted  plates  are:  For  a  given  output  Plant*  plates  are  more 
costly,  mure  bulky  and  heavier  than  the  equivalent,  pasted  plates. 

■  are  more  easily  injured  by  impurilics  in  tin-  electrolyte. 

!■.  capable  of  standing  more  rapid  charging  and 

-  -    lies  without  injury.    They  an;  \t=,s  \\uUv.  \o  lose  their 

i  and  be  injured  Viy  the  acxunwAAV.^vi  \>Y  =«W«». 

f  the   cells.     They   are  moic  dariie,  a.ni  Vast 

B  general   they  ate  -a  more  c\epen.ia.\i\c 

1      The  pasted,  however ,  lor 


^ 
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•re  cheap,  light  and  occupy  a  smaller  space.  They  also  are  not 
:>  badly  damaged  by  impurities  In  Ihe  electrolyte.  The  efiiciency 
t  pasted  batteries  is  lower,  at  high  current  rates  than  the  Flante' 
Vpe. 

Each  of  these  types  has  its  particular  place  in  the  art.  For 
rort  such  as  nioliir-r.Tr  propulsion  [he  pa-ted  buttery  is  better 
<lapted  than  the  Plante,  owing  to  its  lightness  and  low  cost. 
"or  power-station  work  the  1' I. true  b:il  (try  is  uv.re  suii  able.  There 
Te  certain  classes  of  work  for  which  each  type  is  fairly  well  suited, 
uch  as  train-lighting,  railway-signal  and  telephone  work.  In 
■very  case  all  the  conditions,  commercial  as  well  as  technical, 
nust  be  considered  before  definitely  fixing  on  the  type  which  is 
nosl  suitable  to  meet  the  requirements. 

166.  The  electrolyte  for  lead  storage  batteries  must  be  of 
'flute  sulphuric  acid  made  of  sulphur  and  not  from  pyrites.  Pyrite 
ontains  iron,  and  acid  made  from  it  must  necessarily  contain 
time  iron.  The  presence  of  this  metal  in  the  electrolyte  is  injuri- 
■tis  to  the  battery  plates.  An  electrolyte  need  not  necessarily 
16  chemically  pure,  but  it  must  be  free  from  chlorine,  nitrates, 
iopper,  mercury,  arsenic,  acetic  acid,  iron  and  platinum.  It 
"hould  be  tested  by  a  competent  chemist  or  supplied  by  some 
eliable  company  guaranleciug  its  character  and  freedom  from 
njurious  impurities.  It  is  usually  purchased  of  the  desired  spe- 
rific  gravity,  ready  for  use,  but  in  cases  where  it  is  desirable  to 
■ave  freight,  or  for  other  reasons,  to  make  the  electrolyte  at 
he  point  of  installation,  either  distilled  water  (usually  purchasable 
rom  a  local  ice  factory)  or  rain  water  must  be  used  to  dilute 
he  acid.  The  add  should  be  pviirrd  into  ike  "water — never  pour 
•••iter  into  acid.  A  chemical  combination  between  the  water  and 
»cid  takes  place,  generating  heat,  and  the  solution,  which  becomes 
lot,  must  be  allowed  to  cool  before  using  and  before  attempting 
.'.1  determine  its  specific  gravity,  as  the  specific  gravity  changes 
■narkedly  with  the  temperature  of  Ihe  liquid.  The  specific  gravity 
"squired  depends  on  the  character  of  the  cell,  its  rale  of  discharge, 
»nii  its  ampere  hour  capacity.  The  density  is  usually  specified 
jy  the  makers  of  the  battery.  Experience  shows  that  density 
ihould  be  as  low  as  possible  for  satisfactory  operation,  but  should 
lot  be  less  than  1.100. 

267.  Rules  for  operation  of  lead  storage  batteries  {Standard 
Sondbcokh 


f  the 


,:■%::,';;; 


(.    lirep  celi .s  <: 

111  mar  lb?  I'Ji" 
■ 

Hi 

(fi!"j.  i;!  i, ■■.■.' 

e  sediment  when  It  Vias  Cit^ti 

ml  in  good  order. 

:mnd  and  from  eac\i  o\.t.« 

i\l*a 

126       AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect  IT 

io.  Do  not  continue  charge  after  the  negative  plates  begin  togwlf 
off  gas,  except  the  occasional  "boiling"  to  be  mentioned  later.  1*: 

ii.  Never  let  charging  current  fall  below  the  8-hr.  rate  examir 
toward  the  end  of  charge,  and  • 

12.  Stop  discharge  when  the  battery  potential  falls  to  1.75  volts  ps 
cell  with  the  normal  current;  1.70  volts  per  cell  discharging  at  the  4-hr.  cr 
1.60  volts  per  cell  discharging  at  the  i-hr.  rate. 

13.  Watch  the  colors  of  the  plates  and  if  they  begin  to  grow  light* 
treat  at  once  for  removal  of  sulphate. 

14.  Give  the  battery  a  prolonged  over-charge  about  once  a  iionu 
This  over-charge  should  continue  at  about  60  per  cent,  of  the  8-hr.  rate  ttsli 
free  gassing  of  the  negative  plates  has  continued  for  1  hr. 

15.  Never  let  the  battery  temperature  rise  above  no  deg.  fahr.  and,  I 
possible,  keep  below  100  deg.  fahr. 

16.  Test  each  cell  once  a  week  with  a  cadmium  electrode  aadi 
low-reading  voltmeter  to  determine  the  condition  of  the  negative  plates. 

17.  Test  the  cells  occasionally  for  drop  on  discharge;  excessive  dros 
indicates  the  presence  of  sulphate,  and  if  the  drop  increases  the  amount  of 
sulphation  is  also  increasing. 

18.  When  one  of  a  series  of  cells  is  sulphated,  charge  it  at  until. 
in  series  with  the  others;  on  discharge  cut  the  cell  out,  connecting  the  opened . 
circuit  by  a  heavy  wire  joining  the  two  cells  adjacent  to  the  sulphated  out ;' 
Be  careful  not  to  short-circuit  the  latter  cell.     When  discharge  is  e&dsdL  li 
remove  connector  and  switch  in  the  sulphated  cell  so  that  it  again  recent 
charge.     Repeat  this  process  until  the  cell  has  had  its  sulphate  fully  reduce! 
A  double-pole,  double-throw  switch  is  conveniently  used  to  switch  the  ctl 
and  the  connector  alternately  into  and  out  of  the  circuit.     With  it  the  ctl 
may  be  allowed  to  discharge  a  short  time  before  cutting  out,  which  improftl 
the  treatment. 

19.  Cells  which  stand  a  considerable  time  unused— say  as  long  si 
45  days — should  work  in  low  density  electrolyte  not  exceeding  1.2 10  specific 
gravity  and  be  over-charged  as  directed  in  18.  m  It  is  better  to  give  them  1 
slight  discharge  and  charge  about  once  a  week  if  practicable.  ' 

20.  Cells  which  are  to  be  idle  two  months  or  more  should  be  taken 
out  of  commission  by  first  fully  charging  and  then  discharging  for  two  hours  I 
at  the  normal  rate.  Then  draw  off  the  electrolyte  and  fill  the  cells  with 
pure  water,  preferably  distilled.  Begin  discharge  again  at  the  normal  rate. 
The  cells  will  have  to  be  practically  short-circuited  to  produce  this  discharge 
in  the  water.  When  the  discharge  has  been  carried  to  a  point  at  which  fos 
voltage  is  about  0.5  volt  per  cell,  the  water  is  poured  out  of  the  jars  and  the 
plates  washed  thoroughly  by  putting  a  hose  in  the  jar  and  flowing  the  water 
over  the  plates.  Allow  the  water  which  fills  the  jars  at  the  end  01  the  wash- 
ing to  remain  24  hr.;  then  pour  out  and  allow  the  electrodes  to  dry*  Wb«* 
the  battery  is  to  be  used  again  pour  in  electrolyte  and  give  a  prolonged  ove> 
charge. 

268.  Installation  of  Lead  Storage  Batteries. — It  is  neces- 
sary that  these  cells  be  insulated  from  each  other.  For  small 
glass  cells  make  a  shallow  wooden  box,  an  inch  deep,  having  » 
length  and  breadth  greater  than  the  corresponding  cell  dimensions. 
Set  this  box  on  four  glass  insulators  and  fill  it  with  clean  sand. 
On  this  sand  the  cell  is  set.  The  sand  affords  a  uniform  bedding 
and  support  for  the  glass  cell  and  catches  and  absorbs  moistun 
which  may  drip  down  from  the  sides  of  the  cell. 

With  lead-lined,  wooden  tanks,  the  cells  themselves  are  sfft 
directly  on  glass  insulators,  there  being  four  insulators  undfl 
ordinary  size  cells  and  six  where  cells  are  so  long  as  to  req' 
middle  supports.  It  is  customary  now  to  set  large  cells 
do  .ble  insulation,  that  is,  the  cells  are  set  on  insulators,  these  i 
sulators  rest  on  a  wooden  framework,  and  the  wooden  framewor 
rests  in  turn  on  a  set  of  insulators. 

The  insulators  used  are  generally  of  a  special  forrn^  and  are 
of  both  glass  and  porcelain.    Many  yeaxs  of.  exaervefvee  have  i 
dlcaled  that  porcelain  is  not  a  proper  matonaX,  &&\\.\&>fafr3&NB 
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rack  and  expose  its  porous  mass  so  that  any  electrolyte  spray  is 
.l*orbi'd  into  it  when  it  ceases  to  be  an  insulator  and  becomes  a 
airly  good  conductor. 

a6o.  The  Edison  Storage  Battery  (data  furnished  by  ike 
Edison  Storage  Battery  Co.)  is  the  result  of  an  effort  to  avoid 
nany  of  the  disadvantages  of  the  lead  sulphuric-acid  combination 
Lnd  is  a  radical  departure  therefrom  in  every  detail  of  construc- 
tion. The  positive  plate  consists  of  hollow,  perforated,  sheet-steel 
Vibes  filled  with  alternate  layers  of  nickel  hydrate  and  metallic 
lickel.  The  hydrate  is  the  active  material;  and  the  metal,  which 
s  made  in  the  form  of  micr'>;eo]:i<-allv  lliiti  l'a!,cj.  is  lidded  to  pro- 
"ide  good  conductivity  between  the  walls  of  the  tube  and  the 
emotest  active  material.  The  negative,  plate  Is  made  up  of  pcr- 
Drated,  flat,  sheet  steel  hoxes  or  pockets  loaded  with  iron  oxide 
nd  a  small  amount  of  mercury  oxide,  the  latter  also  for  the  sake 
f  conductivity.  The  grids  which  support  these  1  ubes  and  pockets 
»e  punchings  of  sheet  steel.  The  cell  terminals  and  container 
,ro  likewise  of  steel  and  all  metallic  parts  are  heavily  nickel  plated. 
The  electrolyte  is  a  si  per  cent,  solution  of  caustic  potash  contain- 
Dg  also  a  small  amount  of  lithium  hydrate.  All  separators  and 
emulating  parts  ure  made  of  rubber. 


is 

1     r 

1  1 

<       1  DlST.tnrr,* 

iMTr 

,,  .k 

type"a"'b1ibs,cells 

Normal  Charge  and  Discharge 

of 

Charge  and  Dis 
?$Amp.  ASM 

$ 

ft» 

«i- 1 1 

■ 

t 

3 

7 

— Ch-iTi 


.f  '.hi-  EM  is 


The  current  used  in  charging  causes  an  oxidation  of  the  positive 
llate  and  a  reduction  of  the  iterative,  and  these  operations  on 
lischarge  arc  reversed.  The  electrolyte  acts  merely  as  a  medium 
lnd  does  not  enter  into  combination  with  any  of  the  active 
material  as  it  does  in  the  acid  battery.  Its  specific  gravity  re- 
Bains  practically  constant  throughout  the  complete  cycle  of  charge 
lnd  discharge.     The  charge  and  discharge  curves  are  shown  in 

The  chief  characteristics  of  the  battery  are  rugsedness,  due  to 
t!  solid,  steel  construction;  low  wtijrhl,  beeauje  "f  its  stroller  and 

■supporting  metal;  long  life,  because  oi  the  eomvAeA.e  iftNerei- 
f  the  chemical  reactions  and  the  absence  oi  sbeuAui?,  mXxnc 
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material;  and  low  cost  of  maintenance,  due  to  its  freedom  frc 
the  diseases,  such  as  sulphation,  so  commonly  met  with  in  stora 
battery  practice,  and  from  the  necessity  of  internal  cleaning  a 
plate  renewals.  The  arguments  against  it  are  high  first  a 
and  high  internal  resistance.  The  importance  of  these  must, 
course,  be  weighed  with  the  advantages  and  the  resultant  co 
sidered  in  each  proposed  installation.  The  battery  has  attain 
its  chief  prominence  in  vehicle  propulsion,  but  its  characteristj 
also  recommend  it  for  many  other  purposes. 

*  The  attention  required  by  this  battery  is  of  the  simplest  chi 
acter.  It  is  chiefly  important  that  the  electrolyte  be  replenish) 
from  time  to  time  with  distilled  water  so  that  the  plates  will  1 
entirely  immersed,  and  that  the  outside  of  the  cells  be  kept  da 
and  dry,  for  if  this  is  not  done  leakage  of  current  will  occur  wii 
consequent  corrosion  of  containers  by  electrolysis. 

270.  Efficiency  of  the  Edison  Storage  Battery  (Stand* 
Handbook). — The  Edison  battery  is  not  as  efficient  from  the  eneij 
standpoint  as  are  some  of  the  other  types,  60  per  cent,  being  tl 
efficiency  usually  attained  in  practice.  The  advantages  of  tl 
cell  lie  largely  in  its  mechanical  construction  and  its  freedom  fro 
deterioration  due  to  rough  usage.  It  is  compact  and  extreme! 
light  and  strong. 

271.  Directions  for  Charging  Small  Storage  Batteriea.- 
Alternating  current  cannot  be  used  directly.    When  this  only 
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Fig.  135. — Connections  for  charging  storage  batteries. 

available  it  must  be  converted  to  direct  current  by  meant ! 
motor-generators,  rotary  converters,  or  mercury-vapor  convc 
Connections  are  shown  in  Fig.  135  for  charging  small  sto 
batteries  from  direct-current  mains.    An  ammeter  in  the  ci] 
is  convenient  but  not  absolutely  necessary  and  lamps  or  a  rheor* 
(Fig.  135,  ///)  are  used  to  vary  the  current,    A  16  c-p.,  110-1 
carbon- filament  lamp  has  about  220  ohms  resistance  and  1 
carry  0.5  ampere)  a  similar  lamp  oi-^2  c-p.Ta\A&$k\\»s»«hout  1 
ohms  resistance  and  will  carry  1  amp.    TW&ox*,  ^»  <&a»a 
current  from  1 10-volt  mains  (Fig.  *3S,  ir>  ^  W\ta&«^^ 
'  amp.  by  connecting  five  32  c-p.  \amps  Vn  paxaWs^  at  \sws 
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«lt  mains  (Fig.  135,  /)  by  connecting  in  parallel  five  series  of 
a.mps,  each  series  containing  five  3:  c-p.  lamps.  Tn  both  cases, 
■W»o  16  c-p.  lamps  in  parallel  can  be  used  in  place  of  each  33  c-p. 
aunp.  Charging  current  must  always  How  through  the  battery 
rum  the  positive  pole  to  the  negative  pole.  See  directions  else- 
where in  this  section  for  determining  polarity. 

CIRCUIT  CALCULATIONS 

►■epatod  by  thu  compiler  of  this  book  ar.d  was  first  printed  in  Elstlrii.nl 

172.  There  are  three  factors  that  should  be  considered  when 
ietermining  the  sizes  of  wires  for  the  distribution  of  electricity, 
wire  should  be  of  such  size  that:  (r)  It  will  carry  the  electricity 
the  point  where  it  will  be  used  without  an  excessive  drop  or  loss 
»f  voltage;  (2)  the  current  will  not  heat  it  to  a  temperature  that 
•rould  spoil  the  insulation  or  cause  a  fire  (see  Table  170  of  safe 
Carrying  capacities);  and  (3)  the  cost  of  energy  lost — the  PR 
loss— due  to  the  current  overcoming  the  resistance  will  not  be 
excessive,  A  conductor  may  satisfy  one  of  the  three  conditions 
ajid  may  not  satisfy  the  other  two. 

273.  The  Voltage  Drop  Allowable  in  Lamp  Circuits.— For  a 
no-volt  incandescent  lamp  load  the  conductors  should  be  of 
such  size  that  the  pressure  at  the  lamps  can  never  vary  more  than 
3  volts.  Sometimes  4  and  even  5  volts  variation  is  allowed  on 
iro-volt  lamp  circuits.  This  is  not  good  practice.  Expressed 
in  percentages,  a  1  per  cent,  to  a  3  per  cent,  drop  represents  good 
practice;  a  4)  per  cent,  drop  is  the  upper  limit.  These  are  per- 
centages of  the  receiver  or  normal  lamp  voltage.  If  the  values 
'above  suggested  are  exceeded  the  life  of  the  lamps  may  be  shortened 
Or  they  may  burn  dimly  when  the  circuits  are  loaded. 

174.  The  Voltage  Drop  Allowable  in  Motor  Circuits.— A  drop 
of  5  per  cent,  is  very  good  practice  and  a  10  per  cent,  drop  is  often 
permitted.  If  motors  are  on  the  same  circuits  with  lamps  a  3  per 
cent,  drop  should  not  be  exceeded.  The  question  of  voltage  "drop 
in  conductors  is  closely  associated  with  that  of  conductor  economy. 
In  important  work  particularly  where  the  cost  of  energy  is  high, 
the  cost  of  the  energy  lost  in  a  conductor  as  well  as  the  volts  lost 
in  it  should  be  considered. 

175.  Per  cent,  line  drop  or  voltage  loss  may  be  figured  as 
«l'ther  a  percentage  of  the  voltage  required  at  the  receiver  or  as  a 

.percentage  of  the  voltage  impressed  by  the  generator  or  other 
energy  source  on  the  line.  For  instance,  in  Fig.  136,  the  voltage 
•impressed  on  the  receivers — lamps  and  motor— is  220.  The  line 
llWS  is  ti  volts,  hence,  the  pressure  impressed  on  the  line  =  220 
+  11  =  231  volts.     The  voltage  loss  as  a  percentage  oi  the  voltage 

05= s  per  cent.    The  voUa^e  \os&  as  a. 
re  voltage  impressed  on  the  line  is  —  =  0.04&  =  *S 
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per  cent.    In  practical  work  the  percentage  loss  or  drop  is 
ally  taken  as    a  percentage  of  the  voltage  required  at  the 
ceivers  because  this  is  the  most  convenient  and  direct  meth 
In  this  book  the  term  "percentage  drop"  refers  to  a  percent 
of  the  voltage  required  at  the  receivers  unless  otherwise  nob 
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Fig.  136. — Illustrating  percentage  line  drop. 

276.    To  ascertain  the  volts  drop  as  a  percentage  of  the 
impressed  on  the  line,  use  the  following  formula: 

IOO  —  P 

wherein   V  —  volts  drop  or  loss  in  line,  p  ==  percentage  drop 
the  voltage  impressed  on  the  line  and  £  =  voltage  at  the  receivi 

Example. — What  will  be  the  voltage  drop  in  a  circuit  where  no  volts 
to  be  impressed  on  the  receivers — lamps,  motors  or  other  equipment— a« 
the  allowable  drop  is  4  per  cent,  of  the  voltage  impressed  on  the  circuit. 

Solution. — Substitute  in  the  above  formula: 

E  X  p  no  X  4       440  on 


V  = 


100  —  p       100  —  4        96 
Table  277  gives  actual  line  drops  for  different  percentages 
voltages  impressed  on  the  line. 

277.    Volts  Lost  at  Different  Per  cent  (of  Voltage  Im 
On  Circuit)  Drop  (Standard  Handbook) 
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21.7S 

1.5 

1.67 

335 

10 

12.22 

24.44 
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2.24 

448 
564 

II 

1359 

27.19 

25 

2.82 

12 

14.09 

16.43 

29-99 

3 

3.40 

6.80 

13 

32.87 
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458 

9. 16 

14 

1790 

35.81 
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5.78 

11.57 

15 

19.41 

38.82 

6 

7.02 

14.04 
16.55 

20 

27.50 

55-00 

7 

8.27 

25 

36.66 

73.33 

378.    Distribution  of  Drop  in  Wiring  Systems.— It  is  necessar) 

in  designing  circuits  to  apportion  the  tota\  aYtaroaYftfe  dm^  \mSukss 

components  of  a  wiring  system,  the  feeders,  mavas  axA  \sraw2w 

Mp  2fg  indicates  good  practice  lot  \i®a&a%  <&rc&\&  *x 
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79.     Distribution  Of  Drop  m  110-volt  Lighting  Circuits 
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icandescent  lamp  electric  lighting  moat  of  the  drop  should  be 
-d  to  the  feeders  so  that  all  of  the  lamps  on  mains  and 
es  served  by  the  same  feeder  will  burn  at  about  the  same 
icy.  If  most  of  the  drop  is  in  the  mains  and  branches,  lamps 
1  close  together  but  served  by  different  mains  may  burn 
idedly  different  brilliancies  and  may  attract  attei  ''" 
romment.     Fig.  137  illustrates  drop  distribution. 


ii  motor  circuits  it  is  desirable  to  confine  most  of.  the  dio^ 
mains  so  that  a  variation  in  the  load  on  one  motor  ™  ^0x19 
its  will  affect  the  speeds  of  the  others  as  l\U.\e  as.  ^obsB&r. 
of  the  drop  is  in  the  Feeder,  a  heavy  overload  w 
,,„-  n  ..,.,-.,        ......:„  1  ._  j..      ,n  tfte  feeder  and 

d  by  the  feeder,  wnflito  ««« 
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spondingly  decreased.  The  speeds  of  all  of  the  motors  served  bj 
the  feeder  would  be  lowered  accordingly.  In  general,  on  low- 
voltage  motor  circuits,  i  volt  drop  can  be  allowed  in  the  branches, 
two-thirds  of  the  remaining  allowance  in  the  mains  and  one-third 
of  the  remaining  allowance  in  the  feeder.    See  Fig.  138  which 


—ZJtolts >1 


Source 
offnergy 


ZZO  Volt  System 

.  Jty 

Branches  -/K>/f 


Sys 
S%Drop'.0Sx2kf  °/B/<?/fs 
Dropn 


mnom 


Motor 


Remaining  Allowance -If  M>tts 

jot 'Remaining 'Allowance for Feecfer'SJ/o/ts 
i  Of  Remaining  Allowance  forMains'7.3Vb/ts 


Fig.  138. — Distribution  of  drop  in  feeder-and-main  2  20- volt  motor  circuit. 

shows  the  drop  distribution  for  a  system  wherein  the  total  allow- 
able drop  is  5  per  cent. 

Where  a  wiring  system  is  not  laid  out  in  accordance  with  a 
feeder  and  main  system,  the  drop  must  be  apportioned  among  the 
conductors  in  accordance  with  the  judgment  of  the  designer,  but 


Motor 


-y^-.AItofalbmiM*  „__h 
drop  except  Ivorf 


Main 


Source  of  - 
Energy 


Fig.  139. — Distribution  of  drop  in  main-and-branch  motor  circuit. 


the  principles  outlined  above  sho\Ad  \>e  cotts\d««&.   'Who*  • 

motor  circuit  consists  only  of  a  main  and  biancYtta  ^ES%.  "vyj*  Q 

method  is  to  allot  1  volt  drop  to  the  btaticYu*  and  \fcfc  >m&kmj 

Me  permissible  drop  to  the  main.    YTtoemnitot\m«»«*i* 
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very  long  the  drop  in  them  (because  they  must  be  large  enough 
to  cany  full-load  current,  without  overheating)  Is  frequently  not 
far  from  i  volt  with  full-load  current.  It  may,  in  practice,  be 
often  assumed  that  it  is  i  volt.  Motor  branches  must  be  large 
enough  to  safely  carry  a  current  25  per  cent,  greater  than  the 
full -load  current  because  of  .V. /■!.('.  regulations. 

280.  Safe  current  carrying  capacity  should  always  be  con- 
sidered when  designing  rinuiis.  A  wire  may  be  large  enough  to 
carry  a  given  current  a  given  distance  without  undue  drop,  but  yet 
so  small  that  the  current  will  overheat  it.  After  a  conductor  size 
has  been  selected  with  reference  to  drop,  Table  170  of  safe  c 
rent-carrying  capacities  should  be  consulted.  If  the  wire  n 
selected  is  not  large  enough  to  safely  carry  the  current  one  that  is 
large  enough  should  be  used.  The  matter  of  safe  current -carry- 
ing capacity  must  be  watched  very  closely  in  circuils  that  are  short. 

281.  The  resistance  of  a  circular  mill-foot  of  commercial  copper, 
that  is,  a  wire  1  ft.  long  and  having  an  area  of  one  dr.  mil,  at 
temperature  of  75  deg.  fahr.,  is  usually  given  as  from  10.6 
to.8  ohms.  For  wiring  calculations  11  ohms  is  sulki.icmly  a 
curate.  [Sliin<!iirtl  7Y„'ijr,,'.\,.i,;.)  Ir.  ■■.'.■;Hng  calculations  it  is  Us 
less  to  exercise  refinement,  especially  as  the  purity  of  the  copper 
is  unknown,  the  circuit  lengths  an'  often  uoi  measurable  to  within 
many  per  cent,  of  accuracy,  and  the-  dilYiiviu  e  l.n-i  ween  the  succes- 
sive sizes  of  wire  available  on  the  market,  that  is,  the  even  num- 
bered sizes,  is  about  60  per  cent.     There  are  other  undeterminale 

281.    How  to  Proceed  in  Determining  Wire  Sizes  for  Circuits  — 

Nearly  every   wiring    problem     invokes    the    finding    of    the    size 
wire  that  will  carry  a  given  current  a  given  distance  with  a  given 
drop  in  volts.    The  steps  to  be  taken  in  finding  the  wire  siz 
any  such  problem  are  as  follows. 

A.  Determine  the  load  in  amperes  that  will  ronn'  on  the  cir< 
This  ampere  load  value  will  be  used  In  taking  the  wire  size  from  a 
table  or  will  be  substituted  for  the  letter  /  in  a  formula.     See  284. 

B.  Find  the  distance  to  the  load  center  of    the  circuit,     f" 
185.    This  distance  will  be  the  actual  length  if  the  load  is  c 
ccntrated  at  the  end  or  it  will  be  the  distance  to  ihe  load  cente 
the  load  is  distributed.     When  found,  this  distance  is  used  as 
length  of  the  circuit  and  is  substituted  for  the-  lei  ter  L'ma  formula. 

C.  Decide  what  voltage  drop  or  volts  drop  is  allowable.  See  273 
and  274. 

D.  Determine  the  wire  size  that  will  give  the  voltage  drop  decided 
on  in  C  by  using  one  oi  the  formulas  that  follow,  using  the  values 
for  distance  and  volts  drop  of  B  and  C. 

E.  Check  the  wire  size  determined  in  D  to  see  that  it  is  large 
enough  to  safely  carry  the  current  by  Table  170.  See  280.  If  the 
size  first  selected  is  not  large  enough,  one  that  is  fai^  enoM.^'o.  Vo 
safely  carry  the  current  must  be  used. 

f.  Where  economy  of  operation  is  a  factot,  eYiect  ^waaww-- 
tfactor  us  determined  by  D  and  E  to  be  sure  IhaA.  *e  tosA.  <A  «* 
■Jiergy  wasted  in  it  in  overcoming  its  resistance  w'vA  not'oe  wsssw 
f  286  and  387.  " 
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283.  In  determining  circuit  lengths  from  drawings  or  blue 
prints  a  long  piece  of  tough  paper  divided  (see  Fig.  140}  into  the 
same  measure  as  the  drawing  can  be  effectively  used  in  scaling 
distances.     Always  allow  for  rises  or  drops  for  wall  outlets.    The 


it    U     Vt    IS     is    27     ib 


ft-atw  laid  out  fo  x 
le  for  measuring  circuit  lengths. 


r  (Fig.  141),  is  a  convenient  tool  for  scaling  distances. 
The  little  wheel  is  run  over  the  course  of  the  circuit.  The  pointer 
indicates  feet  direct  for  drawings  of  certain  scales.  For  other 
scales  the  dial  reading  must  be  multiplied  by  a  constant  to  obtain 
actual  lengths.     A  rotameter  costs  $z.oo  or  S3.00. 


284.    Determination  of  Loads  That  Will  Come  on  Conductors. — 

It  is  necessary  to  determine  the  load  in  amperes  that  will  come  on 

each   conductor  in  a  wiring  system  for  figuring  the  wire  sizes  and 

so  that  one  may  be  sure  that  the  wire  will  safely  carry  the  current. 

Where  drawings  are  available  note  the  ampere  loads  on  the  sheet 

in  pencil  as  sho\m  in  Fig.  142.    The  nguxes.  opposite  VSiewjasmem. 

indicate  the  currents  they  take.    The  total  Wo.  on-  w&\ku& 

*a*in    and  feeder    is    indicated    mthin   a.  c\ide.    "MoXot  \avb& 

OKuits  must  be  large  enough  to  safely  cany   as  t«  cent-  toss 
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than  full-load  current.  It  is  convenient  to  note  a  current  25  per 
cent,  greater  than  full-load  current  in  a  square  near  each  motor 
branch,  as  in  Fig.  142,  so  that  the  wire  for  the  branch  can  be 
checked  for  carrying  capacity.  The  numbers  of  amperes  required 
by  lamps,  motors  and  other  devices  are  given  in  tables  elsewhere 
in  this  book. 
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NOTE*  A  single  line  represents 
all  the  wiresof a  circuit. 
This  does  not  represent  an/ 
actual  installations  or  system 
but  is  given  for  explanation  only. 
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Pig.  142. — Determination  of  loads  on  conductors. 

285.  The  location  of  the  load  center  of  a  circuit  is  that  point 
at  which  the  total  load  can  be  assumed  to  be  concentrated  when 
making  wiring  calculations.  The  letter  L  in  the  wiring  formulas 
in  this  book  stands  for  the  distance  to  the  load  center.  The  load 
center  of  a  group  of  receivers,  symmetrically  arranged  (Fig.  143) 
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equal  mf?uf~-*\  ^> 


1 
) 
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-  FlO.  143. — Illustrating  location  of  load  center. 

■'.      and  all  of  the  same  input  will  be  in  the  middle  ot  ttie  gtov&v-     ^ 
>      mays  take  the  distance  along  the  circuit  as  L,  Y\%.  143. 

lie  distance  to  the  load  center  (Fig.  143)  denoted  \>y  L  ^o 

&JTf  2?.  L  H,^  "i*1^  formula  cir.   mils=2*IL^V.    ' 

rnt&b  «£%  Y™,**1*  formula,  would  be  rtve  dtov  to™ 

smtch  S  to  the  last  lamp,  B.     The   current,   I   in.  t\ve  to 
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would  be  the  total  current  taken  by  all  6  lamps.  If  the  conductors 
were  calculated  for  a  drop  of  5  volts,  the  drop  between  S  and  B 
would  be  5  volts.  If  no  volts  was  impressed  at  5,  the  voltage 
at  B  would  be  1 10— 5  =  105  volts.    The  other  5  lamps  in  the  group 


100'- 

80: 


::::H---1 

-20  '->?*-  50--  ->\ 


9- 


mp 


\ 


b|d 


GBk 


L-9L2S'- '^'Certer 

CALCULATIONS 
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Fig.  144. — Method  of  computing  location  of  load  center. 

would  receive  something  greater  than  105  volts,  the  pressure  in- 
creasing slightly  along  the  circuit  toward  the  switch.  The  lamp 
C  would  receive  the  highest  pressure  of  all. 

The  load  center  of  a  group  of  receivers  unsymmetrically  located 
or  of  unequal  capacities  or  of  both  is  found  by:  (first)  multiplying 
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Fig.  145. — Illustrating  the  distance  "L"  to  a  load  center. 

■MQpere  capacity  of  each  receiver  by  its  distance  from 
"Tint  of  the  circuit,  (second)  adding  together  al}the 

'i*"',  and  (third)  dividing  tin*  sum  Vy  \3tvt  totu& 
^  solution  otexain^\emT^i.^    1 
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Where  no  energy  is  taken  from  a  circuit  except  at  its  end,  the 
distance  L  for  the  formula  is,  as  shown  in  Fig.  145,  the  entire 
length  of  the  circuit.  Always  measure  L  along  (he  circuit.  In 
practice  the  load  center  is  usually  determined  by  inspection 
because  great  accuracy  is  tint  essentia!.  A  beginner  should 
calculate  a  few  examples  until  he  i.i  familiar  Willi  the  principles 
involved. 

a  86.  For  calculating  direct- current  two -wire  circuits  the 
following  formula  is  used:  (The  material  on  Wiring  Calculations 
that  follows  was  prepared  by  the  compiler  of  [his  book  and  was 
first  printed  in  Electrical  Review,  Tune  14,  1913,  under  the  pen 
name  of  N.  V.  Dunne.) 

.        ..        12X/XI 
cir.  mils  = 

Wherein  F  —  drop  in  volts  in  the  circuit,  7  =  lhe  current  in  amperes 
in  the  circuit,  L  —  the  length  one  way  or  single  distance  of  the  cir- 
cuit in  feet^and  dr.  mils  is  the  area  of  the  conductor  in  circular 
mils.     Other  forms  of  the  formula  are: 

„      22XIXL  cir.  milsXK  dr.  milsX_F 

cir.mils  22XZ,  7  21XI 


Pic.  146.— An  1 

Example.— What  slit  wir 
146?    Allowable  drop  to  th 


Referring  to  Table  150,  the  standard  rin  1 
dr.  mils  is  No.  .a  which  has  an  area  of  6.5301 
her  insulated  (for  concealed  work),  safely  card. 

0!  the  circuit  in  question.    *°  aI"P"     ^^  ' 
fiwafk.— What  site  wire  should  be  used  for 


impU.      . .  - 

.....  -47  >     The  motors,  so  the  tablcofm . 

approximately  the  cunx-nH    Lr.iliciite'l.      The    t-it;il    load  is    (I14amp.+4D 
amp.)    154  iirap.     Allowable  drop  is  5  per  teat,  or   II  volts  to  the  furthest 


has  an  arm  a 
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Calculations  of  three-wire,  direct-current  circuits 
ilially  the  same  manner  as  those  for  direct-ci 
lits.  With  a  balanced  three-' 
flows  in  the  neutral  wire.  In  practice  the  circuits  should  be  i 
nearly  balanced  and  in  making  wiring  calculations  it  is  usti 
assumed  that  they  are  balanced  unless  there  is  obviously  g 
unbalance.  The  first  step  is  to  ascertain  the  current  that 
flow  in  the  outside  wires.  This  is  obtained  in  practice  by  ad< 
together  the  currents  taken  by  all  of  the  receivers  connected 
tween  the  neutral  and  the  outside  wires  and  dividing  the  sui 
a.  (See  Fig.  148.)  Then  to  this  value  are  added  the  cur 
taken  by  receivers,  if  there  are  any,  that  are  connected  a 
the  outside  wires.  The  sum  is  taken  as  the  total  current, 
calculation  is  then  made  in  the  same  way  as  for  any  two 
circuit.  The  neutral  wire  is  disregarded  in  the  calculation 
is  assumed  that  it  carries  no  current.  The  neutral  i~  frccnii 
made  smaller  than  the  outside  wires.  (Sec  Par.  237,  Sect.  I.) 
The  drop  in  voltage,  Tin  the  formulas, is  the  drop  in  the  ou 
wires  and  is  two  times  the  drop  to  each  receiver  between  ne 
and  outside  wires.  Two-wire  branch  circuits  feeding  from  t' 
re  computed  in  the  same  manner  as  for 


n'ire  shciuli]    i. 


:dfor 


e  three-' 


i88.  In  calculating  alternating-current  circuits  there  are  certain 
phenomena  that  must  be  considered  that  do  not  exist  with  direct- 
current  circuits.  Among  these  are  the  effects  of  power  factor 
and  of  induction  which  creates  reacumce.  Where  circuits  are 
short  these  effects  need  not  always  be  considered,  but  where  circuits 
are  long  they  may  be  of  considerable  consequence.  Capacity 
seldom  need  be  considered  with  circuits  operating  at  the  voltages 
discussed  in  this  book,  namely,  those  of  pressures  below  1,200 
vults.  Skin  effect  is  usually  of  so  little  consequence  that  it  can 
be  neglected. 

There  is  no  simple  method  of  calculating  alternating-current 
circuits,  that  takes  into  account  the  effects  of  power  factor  and 
reactance,  that  is  reasonably  accurate  under  all  conditions.  The 
methods  described  jn  following  paragraphs,  in  which  the  effect  of 
line  reactance  is  not  considered,  give  approximate  results,  but 
uperiencc  has  shown  them  to  lie  quite  accurate  enough  for  many 
Hiring  calculations.  The  result-;  from  those  approximate  formulas 
are  usually  subject  to  less  error  than  other  factors  entering  into 
ordinary  wiring  calculations.  The  results  from  the  Mershon 
diiigram  method  arc  quite  accurate. 

389.  Large  Conductors  Should  not  he  Used  for  Alternating- 
current  Circuits. —  li  conductors  are  too  large,  the  skin  effect 
becomes  so  great  that  but  a  small  proportion  of  the  total  area  oi 
the  conductor  is  effective.  Some  engineers  will  use  no  conductor 
larger  than  300,000  cir.  mils  for  interior  wiring,  but  ;oo,ooo  dr.  mil 
conductors  can  be  used  economically  tor  interior  wink  if  they  arc 
made  upon  a  fiber  core  as  described  in  182.  As  a  general  proposi- 
tion, conductors  larger  than  700,000  cir.  mils  are  very  difficult  to 
install.  If.  for  Instance,  a  carrying  capacity  equivalent  to  800,000 
mils  is  required.  Use  two  400,000  cir.  mil  condiitUrtS  W 
equivalent  arrangement. 
t  factors  of  the  load  apparatus  c 

i  wiring  cj&galafiSWf v 
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Wherein,  J  is  the  current  in  amperes  in  each  of  the  four  wire 

kw.=  kilowatts  input  to  load,  E  is  the  voltage  across  each  of  tt 

two  phases  and  p.f.  =  the  power  factor  of  the  load.     The  currei 

being  known: 

..        22X/XL 
cir.  mils  = y. 

Wherein,  cir.  mils = area  of*  required  conductor,  /= current  in  an 
peres  in  each  of  the  four  wires,  L  =  the  length  or  single  distance  < 
the  circuit  in  feet,  and  V  =  volts  drop  to  be  allowed  in  the  circuit 
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Power  Factor =85% 
Fig.   1  so.— Two-phase  circuit  problem. 


Example. — See  Fig.  150.  Load  =10  kw.f  voltage  of  circuit  —  220,  pow< 
factor  =  0.85,  distance  is  180  ft.,  allowable  drop  is  4  volts.  What  size  wi 
should  be  used? 

Solution. — Substitute  in  the  formula: 


kw.  X  500 
EX  p.f. 


10  X  soo 


220X0.85 

Then  to  find  the  size  conductor: 

~.        ..  22XIXL      22X26.8X180 

Cir.  mils    —  - 


-g—  -  26.8  amp. 


106,128 


26,532  cir.  mils. 


V  4  4 

Referring  to  Table  170:  The  ne*t  larger  standard  size  wire  is  No. 
which  has  an  area  of  33,100  cir.  mils  and  which  will  safely  carry,  with  rul 
ber  insulation,  55  amp.  and  with  other  insulations,  80  amp.  #  It  will,  ther 
fore,  with  either  insulation,  readily  carry  the  26.8  amp.  in  this  circtti 
Four  No.  5  conductors  would  be  used. 

297.  Calculation  of  Three-phase,  Three-wire,  Alternation 
current  Circuits  where  Line  Reactance  can  be  Neglected. — Th 

method,  although  not  strictly  accurate,  can  be  safely  used  for  coi 
puting  ordinary  branch  circuits  and  also  for  computing  feede 
and  mains  where  the  circuits  are  carried  in  conduit  or  are  not  va 
long.  Where  circuits  are  of  considerable  length,  the  method  < 
302  should  be  used.  If  the  current  is  not  known,  it  must  be  foun 
using  this  formula: 

j  _     foe;.Xi,ooo     ^  &W.X580 

EXpJ^XiTs      ~EXpJ7 
Wherein,  /  =  current  in  amperes  in  each  of  the  three  wires,  JB! 
voltage  between  wires,  kw.  —  kilowatts  input  to  load,  and  p.f** 

power  factor  of  had.     The  current  being  kwowi,  \)dfc  ^aVrc  *yia  c* 

be  calculated  thus: 

cir.  mils  -  »XIXLX».13.  =  13***k 


FUNDAMENTALS 


dr.  mils  =  arca  for  each  of  the  three  wires,  r  =  currcnt 
>f  the  three  wires  in  amperes,  L  =  sing!e  distance  or  length 
at  the  circuit  in  feet,  and  l' =  allowable  volts  drop  inline. 
:.— See  Fig.  is(.  Load  =  io  kiv.,  v.,'1h,;,-  of  dri-nTt- ami.  power 
(5,  distance  is  1B0  I'.,  :i':„v..,l  ■!,  1 1  ■  -,,  =  .;  volts.  What  size  wire 
DSCd? 


ute  in  the  formula: 
Aa.Xsflo          10X3S0 
EX*./.      "  aaoXQ.85 
nduetiun  size: 
IXL        10X31X180 

->%r->- 

y                  4 

e  l7o:    The  nt-xt    -.a;,:; 
nd  with  other  insulation 

'H?B! 

Single-phase    branches    from    three-phase    circuits    are 

d  the  same  as  any  single-phase  circuit.      If  the  two-branch 

ts  are  lapped  from  two  of  the  rum  1', triors  of  a  three-wire, 

ise  circuit,  the  voltage  across  the  bsam  1:  wins  will  be  the 

hat  across  two  of  the  wires  of  the  three-phase  circuit.     If 

:h  is  connected  between  one  of  the  three  wires  and  neutral, 

ge  across  the  branch  wires  will  be  0,58  X  the  three-phase 

ietween  wires.     See  paragraphs  on  the  three-phase  system 

Lit  emitting  Currents." 

Calculation  of  Circuits  where  Line  Reactance  must  be 

ed. — The  Mershon  diagram  (Fig.   15a)  is  recommended 

ing    such    calculations.     Other    and    apparently    simpler 

are  available,  but  all  simple  melliods  Lire  inaccurate  under 

auditions  and  are  apt  to  get  their  user  into  trouble  unless 

ite   familiar   with   the  principle*  of   alternating   currents. 

-lion  diagram  does  mil  offer  a  direct  method  of  ascertaining 

t  is  rather  a  "cut-ant  I -try"  method.     The  distance  between 

i  the  frequency  of  Ihe  circuit  being  known,  a  conductor 

that  appears  to  be  about  ricjit  is  selected  for  trial.     With 

■n  current  flowing,  the  volts  line  loss  in  this  conductor  can 

nined  with  the  diagram.     Jf  the  volts  line  loss  with  this 

r  is  found  to  be  excessive  a  different  size  com  Ice  tor  is  UieA. 

e  mode  ugiil  .1  size  conductor  i*  found  that  yi\\\  Wvtvf,ft« 

tin  the  spajih-,1  limit.     It  is  seldom  tha.t  more  t\\M\  t*vj 

vcessary.     Themethodin  a  little:  tedious  but.  nut  AvKvoAt. 

■are  under  all  ordinary    conditions       See  trie  ewm?\w  " 
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300.  Calculation  of  Single-phase  Alternating-current  Cin 
where  Line  Reactance  must  be  Considered. — The  use  of  the  1 
shon  diagram  in  computing  such  circuits  can  best  be  explainer 

examples. 

Example. — What  size  wire  should  be  used  for  the  branch  to  the  50- 
60-cycle,  250- volt,  single-phase  induction  motor  of  Fig-  152?  The  n 
plate  current  rating  of  the  motor  is  19s  amp.  and  its  full-load  power  U 
is  85  per  cent.  The  wires  are  run  open  and  separated  4  in.  Length  oi 
cuit  is  600  ft.  The  volts  line  loss  must  not  exceed  7  per  cent,  or  0.07  X  2 
17.5  volts. 

Solution. — To  ascertain  approximately  what  size  the  conductor  musi 
use  the  simple  single-phase  formula: 

•1        22XIXL      22 X I9S X 600       ,AmM^ 

cir.  mils  «■  => — «■  147,000 

V  I7-S 


-o    o- 


eoo1 


* 


V         ^195  Amp. 2S0fatts 

Sina/e-ffhase  Single  Phase  Motor  50  Ha 

60-CycleSupp/y  /SSAmp. 

Pig.  152. — Another  single-phase  circuit  problem. 

Referring  to  Table  306:  The  next  larger  standard  size  wire  is  No.  <x 
167,800  cir.  mils.  This  size  would  be  ample  if  there  were  no  line  reacta 
but  as  it  is  known  that  there  is  line  reactance  we  will  select  a  larger 
ductor  and  find  what  the  volts  loss  with  it  will  be,  using  the  Mershon 
gram  (Fig.  153).    Try  a  250,000  cir.  mil  conductor. 

Find  the  resistance  and  reactance  drops  in  the  line  using  the  values  f 
Table  306  for  a  250,000  cir.  mil  conductor  for  60  cycles  and  a  4  in.  sep 
tion.    From  the  table  resistance  volts  =  0.085  and  reactance  volts  «■  o.i; 

„     .  .  ,  current  X  resistance  volts  X  distance 

Resistance  drop  -■  -■ 

*  1,000 

1 95  X  0.085  X  600  _ 

1,000  "" 

t>  L     ,  «  resistance  drop         9.9  .  . 

Per  cent,  of  resistance  drop    -■    — *— : tt~  —  —3-00  per  cent. 

*  receiver  volts  250 

_,       A            ,           current  X  reactance  volts   X   distance 
Reactance  drop  ■= ■» 

1,000 

195  X  0.139  X  600  m  xk3V( 

1,000 

_  .  .  ,  reactance  drop        16.3         .  . 

Per  cent,  of  reactance  drop  « ; — —  ■•  ■■  6.5  per  cent 

receiver  volts         250 

Refer  to  the  Mershon  diagram  (Fig.  158).  Follow  the  vertical  linecoi 
sponding  to  the  power  factor,  0.85,  upward  until  it  intersects  the  small 
circle  marked  O  as  illustrated  in  Fig.  153.  From  this  point  lay  off  hon* 
tally  the  percentage  resistance  drop,  3-96.  From  this  last  point  lay  ofih 
tically  the  percentage  reactance  drop,  6.5.  (See  Fig.  153.)  This  lastpo 
lies  about  on  the  7  per  cent,  circle  indicating  that  the  volts  line  loss  in* 
circuit  with  195  amp.  flowing  will  be  0.07  X  250  ■■  17.5  volts.  The  con 
tions  of  the  example  are  satisfied  by  a  250,000  cir.  mil  conductor.  Aetna 
the  line  loss  will  be  somewhat  less  than  7  per  cent,  as  the  last  point  doesi 
quite  touch  the  7  per  cent,  circle. 

Inasmuch  as  this  is  a  motor  branch,  the  code  rules  require  that  its  1 

carrying  capacity  be  sufficient  for  a  25  per  cent,  over-load.    Therefore  t 

conductor  should  be  capable  of  safely  carrying  195X1.25*244  amp.  J 

f  erring  to  Table  306,  a  300,000  cir.  mil  conductor,  rubber  insulated  c* 

would  be  req  uired  to  safely  carry  this  244  amp.    In  a  problem  in  practice fl 

would,  therefore,  immediately  try  a  300,000  conductor  for  volts  line  W 

The  preliminary  calculations  were  given  in  \.\ve  aWffc  "fctoblem  to  illttfW 

the  method. 
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Sect.  1 

301.    Calculation  of  Two-phase,  Four-wire,  Alternating-c 
Circuits  where  Line  Reactance  must  be   Considered. — Use 
Mcrshon  diagram   (Fig.   158).     Calculate  the  singlc-phas 
required  to  transmit  one-half  [he  power  at  the  same  voltage, 
two-phase  transmission  will  require  [wo  such  ci 


i  total  load  - 


Exam  pit.— "What  siie  wire  should  he  used  for  the  two-phase  i  if. 
Fii>.  154?  ],nad  =  uokr;  [-(reiver  voltage  =  220;  load  powtr  fin;tr..r  = 
Hit.  [7rHJ.ua  ■        .  .    ,  distance  be 

SoInKo'i.'  ait  and  then  pi 

with  this  one-half  total  load  as  if  it  were  the  entire  load  on  a  singlc-p 

T 

!" 


1  should  be  i 
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The  next  larger  standard  size  wire  is  300,000  cir.  mils,  which  will  safely 
carry  the  current  341  amp.  (see  Table  306)  if  the  wires  are  run  open.  (ft 
they  are  concealed — rubber  insulated — at  least  a  500,000  cir.  mil  conduc- 
tor must  be  used.) 

Referring  to  Table  306  for  a  300,000  cir.  mil  conductor,  6  in.  separation 

and  60  cycles:  Resistance  volts  per  amp.=>  0.075  and  Reactance  volts  Per  amp. 

•=0.153,  therefore 

_,     .  ^           ,           current  X  resistance  volts  X  distance 
Resistance  drop  «= ~ 


1,000 


341X0.075X400 


1,000 


—  10.23  volts 


Per  cent,  of  resistance  drop = 


10.23 
220 


4.65  per  cent. 


Reactance  dropa 


cu  rrent  X  reactance  vol ts  X  distance 


1,000 


Per  cent,  of  reactance  drop* 


20.9 
220 


341X0.153X400 
1,000 

=-9.5  per  cent. 


—  20.9 


I- T- 

o     6 J_ 

-OiO- 
-0*00— 


400' f 


T 


220\f)/tS 


L 


220VoltS 


•TwoPhase  Mains 


Ml 


Pig.  154. — Two-phase  circuit  problem. 


Lay  out  the  per  cent,  resistance  and  reactance  drops  on  the  Mershon  dia- 
gram (Fig.  158)  for  0.80  power  factor,  as  suggested  in  the  single-phase 
problem  above  and  as  illustrated  in  Fig.  155.  The  last  point  on  the  lay 
out  is  between  the  9  per  cent,  and  the  10  per  cent,  volts  loss  circles  in  the 
diagram  indicating  that  the  volts  loss  with  300,000  cir.  mil  conductors 
would  be  about  9}  per  cent.  The  allowable  loss  is  but  5  per  cent.,  so  a 
different  size  conductor  must  be  selected.^ 

A  conductor  larger  than  300,000  cir.  mils  might  be  selected  that  would 
bring  th©  volts  line  loss  within  the  5  per  cent,  limit,  but  it  is  probably  bet- 
ter to  install  two  two-phase  transmissions  of  smaller  wire  in  multiple  as 
shown  in  Fig.  156,  making  the  aggregate  area  of  the  two  conductors  in 
multiple  equal  to  about  300,000  cir.  mils.     (See  Paragraph  292.) 

Therefore  try  two  transmissions  of  No.  00  wire.  Take  values  for  No.  00 
wire  from  Table  306  in  the  manner  as  before,  for  60  cycles  and  a  6  in.  sep- 
aration, remembering  that  half  the  former  current  will  flow  in  the  con- 
ductors of  the  subdivided  transmission.  Then  for  each  two-phase,  two-wire 
circuit  the  current  will  be  \  X 341  =  170.5  amp.    Therefore: 

_     .               „                current  X  resistance  volts  X  distance 
Resistance  drop    —    — 


1,000 
170.5  X  0.156  X  400 


Per  cent,  of   resistance  drop 


1,000 
10.7 
220 


10.7  volts 


4.8  per  cent. 


Reactance  drop 


current  X  reactance  volts  X  distance 


1,000 
170.5  X  0.172  X  400 


1,000 


1 1.7  volts 


Per  cent,  of  reactance  drop 


11.7 


$.3 -pet  ceoh. 


raying 
rshon 


220 

the  per  cent,  resistance  and  per  cent,  reactance Awp*  o>£.  o^  X 

diagram  at  0.80  power  factor  it  witt  be  ioutid.  t\vat  \ox \Ta\*  *\o 


1 


Illustrating  the  application  of  the  Mershon  diagram  for  o 
ing  a  two-phase,  four-wire  alternating-current  girquit. 


The  neit  larger  standard  slic  ■..in-  is  No.  i  Kj,6oo  cir.  mils.— whii 
laf el y  carry.  "hen  eipused,  ISO  amp.  The  actual  current  is  165  ini. 
is  therefore  nut  satisfai  torvfrnm  :l  (iiriZ-invtii:  starulpoint.  The 
it  will  be  n««ai«  10    use  at  least  the  next  larger  si je  "wire.  No.  q. 

The  average  distance  between  the  three  wires 


n-  +  6in. 


-A&r 


B  No.  o 
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308-  The  Question  of  Energy  Loss  in  a  Circuit  should  not  be 
Slighted  in.  Circuit  Calculations  (.S'1,1  m/nrrf  llandbnok). — It  is  well 
tnown  that  in  overcoming  resistance,  electrical  energy  is  wasted; 
md  as  it  costs  money  to  develop  or  buy  electrical  energy,  it  is 
svident  that  in  any  commercial  system  such  waste  must  be  kept 
to  a  minimum.  This  may  be  done  by  decreasing  the  resistance  of 
-he  conductors  or  what  amounts  to  (.lie  same  thing,  of  increasing 
-he  size  of  the  conductors.  Inasmuch  as  this  is  also  an  expensive 
matter,  care  must  be  exercised  that  the  additional  sum  added  to 
the  expenditure  in  copper  is  not  so  excessive  as  to  more  than  counter- 
balance the  cost  of  the  energy  continually  saved.  It  has  been 
laid  down  as  a  general  rule  that  for  the  transmission  of  any  given 
energy,  the  most  economical  conductor  Is  one  having  such  a  resist- 
ance that  the  value  of  tie  energy  wasted  in  heat  annually  is  equal 
to  the  interest  per  annum  on  the  original  outlay  upon  the  conductor. 

Knowing  the  average  amount  of  energy  to  be  transmitted,  it 
becomes  an  easy  matter  to  find  the  average  kilnwal  t-hours  wasted 
in  a  conductor  of  a  given  resistance.  The  question  of  energy  loss 
n  conductors  increases  in  importance  as  the  price  of  the  energy 
increases,  and  decreases  as  the  price  of  energy  decreases,  so  that 
where  the  energy  costs  or  may  be  purchased  for  very  little,  the  loss 
tnay  be  more  than  offset  by  the  additional  investment  in  copper 
necessary  to  avoid  it.  With  regard  to  the  conductors  themselves, 
in  interior  wiring  work,  it  is  merely  a  question  of  the  additional 
:ost  of  the  copper,  as  the  price  of  the  installation,  etc.,  is  usually 
ibout  the  same  for  any  size  conductor  that  is  apt  to  be  used.  So 
many  considerations  enter  into  the  question  of  the  best  size  of  wire 
■o  employ  consistent  with  strict  economy,  that  the  matter  cannot 
'jc  discussed  at  length  here.  A  few  illusi.riilions  may  suffice  to 
'how  what  an  important  bearing  the  question  has  in  wiring  work. 

F.xamphr — A  two-wire  dirci't- current  feel 
SO  amp.  at  a  distance  of  iw  it.  from  the  m 

Mnt.    and  tbe  —'- '  "--  - — !*  :-  — 

nstalled? 

So*  *  Hoi..— So 


fie  yearly   cost 
to6oo-j6T-l.i 

o  much  smaller  than  the  energy 

learly  large  encash  and   :!>at  it  i:,  not  lw 
ne  f.".r  (he  candi:i---n  of  the  problem. 
Tables"'  '""•"    the    total    annual  charges  1 

,     .,.,.  .,....-..   ,  .,.  .,    ..,,.... 

I  K-«™n|  0/50  amp.  n, 
ige  drop  for  the  No. 


5  per  cent.     Fgr  the  ^0.  *>  W^*-*** 
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(which  will  safely  carry  only  46  amp.  and  which  therefore  would  be  too 
small  for  the  50  amp.  of  this  problem)  it  will  be  greater  than  5  per  cent 
For  conductors  larger  than  No.  4  the  drop  will  be  less  than  5  per  cent. 

It  is  evident  from  Table  310  that,  for  the  conditions  of  this  problem  and 
with  wire  at  the  prices  assumed,  a  400,000  c.  m.  conductor  is  the  most 
economical,  that  is,  it  has  the  least  total  annual  cost,  although  a  300,000 
c.  m.  conductor  is  almo&t  as  economical. 

The  market  price  of  copper  has  a  bearing  on  the  matter  of  conductor 
economy.  Where  the  energy  cost  is  very  low,  the  conductor  that  would  be 
theoretically  the  most  economical  might  be  too  small  to  safely  carry  the 
current.  In  such  a  case,  the  most  economical  conductor  that  can  be  used 
is  the  smallest  one  that  has  ample  carrying  capacity. 

Example. — A  two-wire  feeder  system  100  ft.  long  supplies  a  device  re- 
quiring a  current  of  500  amp.  The  voltage  of  the  supply  is  1 10  and  a  drop 
of  1  per  cent,  is  permitted.  Required  the  size  of  wire  (slow-burning  weather- 
proof wire  being  permitted)  used. 

Solution. — Calculating  the  size  of  wire  as  in  the  preceding  case  shows 
that  a  1,100,000-cir.  mil  cable  is  required. 

If  the  energy  in  this  case  costs  2  cents  per  kilowatt-hour  and  the  device 
were  used  24  hr.  a  day  and  300  days  a  year,  what  size  of  wire  should  be 
installed  to  obtain  the  best  economy? 

With  the  above  data  the  yearly  cost  of  the  energy  used  is  found  to  be 

24X300X500X110X0.02        « 

—■--■- »  #7,920. 

1,000 

If  a  2,500,000-cir.  mil  cable  be  used,  the  drop  according  to  the  formula 
would  be  approximately  0.44  volt  or  0.4  per  cent.  (^  per  cent).  The  weight 
of  200  ft.  of  cable  equivalent  to  2,500,000  cir.  mils  would  be  approximately 
1,900  lb.,  and  assumingthe  cost  to  be  30  cents  per  pound,  the  copper  invest- 
ment would  be  $570.  The  interest  on  this  investment  at  5  per  cent,  would  be 
$28.50.  Now  a  loss  of  0.4  per  cent,  on  $7,920  would  be  $32  per  year  and 
since  the  interest  on  the  copper  investment  is  less  than  that  amount,  the 
2,500,000-cir.  mil  cable  should  be  installed.  A  3,000,000-cir.  mil  cable 
would  be  found  to  be  a  trifle  too  costly.  The  substitution  of  the  2,500,000- 
cir.  mil  cable  for  the  1,000,000-cir.  mil  cable  results  therefore  in  a  saving 
of  $47  yearly.  These  results  are  figured  on  the  ground  that  all  other 
costs  remain  the  same,  which  may  or  may  not  be' the  case.  If  copper 
were  cheaper  than  specified,  a  larger  cable  could  be  substituted  with  a  still 
further  saving.  It  may  readily  be  seen  therefore  that  the  question  of 
drop  alone  should  not  determine  the  size  of  wire. 

The  preceding  remarks  deal  with  the  question  of  energy  loss  from  a  purely 
financial  basis.  There  are  electrical  considerations  which  must  be  taken 
into  account  in  determining  the  maximum  drop  and  energy  loss  allowable. 
The  variation  in  the  life  and  candle-power  of  incandescent  lamps  and  the 
performance  of  motors  and  other  equipment  as  affected  by  voltage  and  there- 
fore energy  loss  should  be  considered. 


20C >-'- 


lb.  

Supply  Mains                ^-Branch  Circuit  Motor 

^-f f 0  Volts                       Feeding  Motor  dOHtz  -ISKw. 
3  Phase,  GOCycles 

Fig.   159. — Three-phase  motor  circuit. 

309.    Use  of  Constants  in  Circuit  Calculations. — Wiring  and 

many  other  calculations  that  involve  the  use  of  several  constants 
can  be  much  simplified  by  resolving  the  constants  into  a  factor  which 
is  itself  a  constant.  It  frequently  occurs  in  central-station  work 
that  the  permissible  voltage  drop  and  the  power  factor  remain 
the  same  for  many  wiring  computations.    T\ies>e  axA  oOaec  cbd&\a!& 

can  be  effectively  incorporated  into  a  m\At\p^«.     Kyi.  csskg^ 

will  best  explain  the  method. 
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■  ihree  [acton 
therefore  be-  revived  into  a  lit,  ;-.iii:  "tli'i  .:  /  =  P  -:-  1.7  1  X  W1X0 
0.003,754  XP  watts  or  approximated/:  /  =  3.8  kw. 

It  is  apparent,  then,  that  by  multiplying  the  kilowatt  capacity 
of  the  motor  by  the  factor  3.8  the  approximate  full-load  current  in 
amperes  flowing  to  the  motor  will  result.     The  current  for  the 

motor  of  Fig.  159  will  be  3.8X15  =  57  amp.     Other  problems 

be  much  simplified  by  resi>lviii<;  cunsiants  into  a  factor. 

309A.     Allowable  Amperes  for  i-volt  Drop  {National  Lamp  Works) 
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PRINCIPLES,  CHARACTE1  ISTICS  AND  MANAGEMENT 
OF  DIRECT-CDRRENT  Itf^T^PH   ft  HI?  fiEKrTT?  j,TOPR 

i.  Direct- current  generators  develop  a  direct  or  continuous 
e.m.f.,  that  is,  one  that  is  always  in  the  same  direction.  Com- 
mercial direct-current  generators  have  commutators  and  may 
thereby  be  distinguished  from  alternating-current  machines.  The 
function  of  the  commutator  and  the  elementary  ideas  of  genera- 
tion of  e.m.f.  and  of  commutation  are  discussed  in  the  First  Sec- 
tion. See  Index.  Additional  information  in  regard  to  commuta- 
tion as  applied  to  direct-current  motors,  which  is  in  general  true 
for  direct-current  generators,  is  given  hereinafter. 

2.  Excitation  of  Generator  Fields. — To  generate  an.  e.m.f. 
conductors  must  cut  a  magnetic  field  which  in  commercial  machines 
must  be  relatively  strong.  A  permanent  magnet  can  be  used  for 
producing  such  a  field  in  a  generator  of  small  output,  such  as  a 
telephone  magneto  or  a  generator  for  sparking  for  an  automobile; 
but  for  generators  for  light  and  power  the  field  is  produced  by 
electro- magnets,  which  may  be  excited  by  the  machine  itself  or 
"separately  excited"  from  another  source. 


"&', 


3.  Series-wound  or  constant-current  generators  have  their 
armature  coils,  field  coils  and  external  circuits  in  series  with  c 
another.  (See  Fig.  1.)  Series  generators  are  now  used  comm 
ctally  only  for  scries  arc-lighting  circuits  and  are  equipped  with 
automatic  regulators  to  maintain  the  current  constant  irrespec- 
tive of  the  resistance  of  the  external  circuit,  i.e.,  the  number  of 
lamps  in  service.  The  same  current  passes  through  each  lamp 
in  the  series  and  the  generator.  The  voltage  at  the  brushes  of  a 
series  machine  is  equal  to  (neglecting  a  small  line  loss)  the  voltage 

fter  lamp  times  the  number  of  lamps.     Thus  on  a  circuil.  o(  ioj 
amps  each  requiring  50  volts  the  brush  pressure  wou\A\ie  100 Y,s,o 
=j-,«x>  volts.    As  shown  by  the  curve  oi  Fie   1   up  \.o  a.  certavo. 
Wraum  ralue  with  an  invrc&H;  in  load — resistance  \vx  tVna  case- 
in? voltage  of  the  generator  increases,  tending  to  keep  \ke  ossteoS 
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nt.    Automatic  regulation  to  n 
usually  effected,  coiniiii'rciallv,  by  either  shifting  the  brushes  01 
cutting  in  and  out  portions  of   the  field  winding   or   by  a  com- 
bination of  the  two  methods. 

In  Ri  2  are  shown  the  essentials  of  an  arrangement  for  regula- 
tion by  brush  shifting.  The  courseof  the  main  current  is  indicated 
by  the  heavy  line.  When  the  current  is  at  normal  value  the  i 
taclor  is  held  midway  between  the  contacts  Ct  and  Cj  by  the 
spring.  If  the  current  in- 
creases slightly  the  core  is 
pulled  down  into  solenoid 
and  brings  the  contactor 
with  it,  which  makes  con- 
tact with  C».  This  per- 
mits a  small  current  in 
shunt  with  the  solenoid  to 
flow  through  the  clutch  Ji, 
the  mechanical  details  of 
which  are  not  shown. 
This  clutch  pulls  the  shift- 
ing rod  down  and  so  shifts 

the  brushes  as  to  tend  to  maintain  the  current  at  a  constant  value. 
A  decrease  in  current  allows  the  spring  in  pull  I  lit-  r,>>it,ictar  against 
Cj;  dutch  A  operates  and  the  brushes  are  shifted  in  the  opposite 
direction.  The  principle  of  an  arc-light  (constant  cu 
that  is  regulated  by  field  variation  is  illustrated  i: 
lever  L  is  shifted  automatically  and  ct 
magnet  so  as  to  maintain  a  constant  current  it 


J  Separately  excited  generators  are  used  for  electro-plating 
for  other  electrolytic  work  where  it  is  essential  that  the  polar- 
ity of  a  machine  be  not  reversed.  Self-excited  machines  may 
change  their  polarities.  The  essential  diagrams  are  shown  in 
Fig.  4.  The  fields  may  be  excited  from  any  direct-current  con- 
stant potential  source,  such  as  a  storage  b.11  (cry  or  lighting  circuit. 
The  field  magnets  can  be  wound  lor  any  voltage  because  they 
have  no  electrical  connection  with  the  armature.  With  a  con- 
staat  Held  excitation,  the  voltage  will  drop  slightly  from  no-load 
to  full-load  because  of  armature  drop  and  avmauue,  tcwAisa, 
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5.  The  shunt-wound  generator  is  shown  di grammatically  il 
Fig.  5.  Shunt  generators  are  now  seldom  used.  They  have  been 
superseded  by  com  pound- wound  machines.  A  small  part  of  the 
total  current,  the  exciting  current,  is  shunted  through  the  fields. 
The  exciting  current  varies  from  possibly  5  per  cent,  of  the  tola! 
current  in  small  machines  to  1  per  cent,  in  large  ones.  The  e 
t  is  determined  by   the  voltage  at  the  brushes  ar 


the  resistance  of  the  field  winding.  Residual  magnetism  in 
field  cores  permits  a  shunt- genera  tor  to  "build  up.'1  This  small 
amount  of  magnetism  thai  is  rciaiiinl  in  liic  iiill  cores  induces  a 
"voltage  in  the  armature  (Timbic's  Flcmntts  of  I'Jnlricily).  This 
voltage  sends  a  slight  current  through  the  field  coils  which  increases 
the  magnetization.  Thus,  the  induced  vniiam-  in  the  armature  is 
increased.  This  hi  turn  increases  the  current  in  the  fields,  which 
still  further  increases  the  magnetization,  and  so  on,  until  the  sa 


ration  point  and  normal  voltage  of  the  machine  are  reached. 
This  "building  up"  action  is  the  same  for  any  self-excited  genera- 
tor and  often  requires  20  to  30  sec. 

If  a  shunt  generator  (limbic)  runs  at  constant  speed,  as  mor( 
and  more  current  is  drawn  from  the  generator,  the  voltage  across 
the  brushes  falls  slightly.  This  fall  is  due  to  the  fact  that  it  re- 
quires more  and  more  of  the  generated  voltage  to  force  this  in- 
creasing current  through  the  windings  of  the  armoAwte.  tWtift, 
the  armature  IK  drop  increases.    This  leaves  a.  staaUet  xwa\.  <&. 
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the  total  e.m.f .  for  brush  e.m.f.,  and  then  when  the  brush  pressure 
falls,  there  is  a  slight  decrease  in  the  field  current  which  is  de- 
termined by  the  brush  pressure.  This  causes  the  total  cm.f.  to 
drop  a  little,  which  still  further  lowers  the  brush  potential.  These 
two  causes  combine  to  gradually  lower  the  brush  pressure  (voltage) 
especially  at  heavy  overloads.  The  curve  in  Fig.  5  shows  these 
characteristics.  For  small  loads  the  curve  is  nearly  horizontal, 
t  heavy  overloads  it  shows  a  decided  drop.     The  point  where 


-Held  Coil 

Elementary  Cirei 
Fig.  6.— Shui 

The  voltage  of  a  shunt  machine  may  be  kept  fairly  constant 
by  providing  extra  resistance  in  the  field  circuit,  see  Fig.  6,  which 
may  be  cut  out  as  the  brush  potential  falls.  This  will  allow  more 
current  to  flow  through  the  field  coils  and  increase  the  number  of 
magnetic  lines  set  up  in  the  magnetic  circuit.  If-  the  speed  is  kqit 
constant,  the  armature  conductors  cut  through  the  stronger 
magnetic  field  at  the  same  speed,  and  thus  induce  a  greater  e.roJ. 
and  restore  the  brush  potential  to  its  former  value.  This  resist- 
ance may  becut  out  either  automatically  or  by  hand.    See  Khrosld, 


Shu 


Fig.  7.— Char 


6.  A  shunt -wound  generator  gives  a  fairly  constant  voltage, 
even  with  varying  loads,  and  can  be  used  for  incandescent  lighting 
and  other  constant  potential  loads.  These  generators  do  not  oper- 
ate well  in  parallel,  partially  because  the  voltage  of  one  machine 
may  rise  above  that  of  the  others  and  it  will  run  them  as  motors. 
Shunt  generators  running  in  parallel  do  not.  "di-Ade  <u9»\mA.h 
well  between  themselves.  They  are  seldom  \uUo\ea.wni,«ftuM 
•und-wound  generators  are  more  satisfactory  lot 
"or  generators  may  be  bipolar  (.two  poles) 
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than  two  poles)   similarly  to  compound- wound    generators.     See 
the  following  paragraphs. 

7.    How  to  reverse  the  direction  of  rotation  of  a  shunt-wound 

is  indicated  tn  Fig.  7.      Rotation  i-1  n. ><-/';.  i.<c  \\  lien,  fating 
it  end  of  a  machine,  the  rotation  is  in  the  direction 


rp™-™1 — 1    rj  Rheostat 
Tolosd         t*S&T  ToLoad 


s  the  reverse. 


of  the  hands  of  a  clock.  Counter-clockwise  rotatio 
It  is  desirable,  when  changing  the  direction  of  r 
reverse  the  direction  of  current  through  the  field  windings.  If 
It  is  reversed  the  magnetism  developed  l>y  the  windings  on  start- 
ing will  oppose  the  residual  magnetism  and  the  machine  may  not 
"build-up."      Connections  for  reversing   compound   machines  a-" 


EiternatCinmt 


shown  in  Fig.  S.  A  multipolar  machine  can  be  reveiaei  as  s^oiro- 
iy  terming  the  brushes  on  the  studs  and.  then  reAocav\tv&  fe™ 
n  the  neutral  points. 

8henoe  «^wunrf-woaiid  generator  is,  jlrawndUpaWM^ 
'«   9.     If  a   senes   winding   bo    added   to    a  *fcont   W»«* 
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(Fig.  s),  the  two  windings  will  tend  to  maintain  a  constant  voltage 
as  the  load  increases.  The  magnetization  due  to  the  series  wind- 
ings increases  as  the  line  current  increases,  which  will  cause  the 
voltage  generated  by  the  armature  to  rise.  The  drop  of  voltage 
at  the  brushes  that  occurs  in  a  shunt  generator  is  thus  compen- 
sated for.     See  also  Figs.  15,  16  and  17. 

g.  A  flat -compounded  generator  is  one  having  its  series  coils 
so  proportioned  that  the  voltage  remains  practically  constant  at 
all  loads  within  its  range. 

10.  An  over-compounded  generator  has  its  scries  windings  so 
proportioned  that  its  full-load  voltage  is  greater  than  its  no-load 
voltage.  Over-compounding  is  necessary  where  it  is  desirable 
to  maintain  a  practically  constant  voltage  at  some  point  out  on 
the  line  distant  from  the  generator.  It  compensates  for  line  drop. 
The  characteristic  curve  (Fig.  9)  indicates  how  the  terminal  voltage 
of  a  compound  wound  machine  is  due  to  the  action  of  both  shunt 
and  series  windings.  The  voltage  of  the  compound  generator  at 
any  load  is  equal  to  the  sum  of  ihe  voltage  due  to  shunt  winding 
plus  that  due  to  the  series  winding.  Generators  are  usually  over- 
compounded  so  that  the  full-load  voltage  is  from  5  per  cent,  to 
10  per  cent,  greater  than  the  no-load  voltage. 

Although  compound- wound  generators  are  usually  provided 
with  n  field  rheostat,  it  is  not  intended  for  regulating  voltage  as 
the  rheostat  of  a  shunt-wound  machine  is.  It  is  provided  to  permit 
of  initial  adjustment  of  voltage  and  to  compensate  for  changes  9 
the  resistance  of  the  shunt  winding  caused  by  healing.  With  a  com- 
pound-wound generator,  the  voltage  having  been  once  adjusted, 
the  series  coils  automatically  strengthen  the  magnetic  field  as  the  I 
load  increases.  For  direct-current  power  and  lighting  work,  com- 
pound-wound generators  are  used  almost  universally. 

11.  If  a  compound -wound  generator  is  short-circuited  the 
field  strength  due  to  the  scries  windings  will  be  greatly  increased, 
but  the  field  due  to  the  shunt  winding  will  lose  its  strength. 
For  the  instant  or  so  that  the  shunt  magnetization  is  diminishing 
a  heavy  current  will  flow.  If  the  shun  I  magnetization  is  a  consid- 
erable proportion  of  the  total  magnetization  the  current  will  de- 
crease after  the  heavy  rush  and  little  harm  will  he  done  if  the 
armature  has  successfully  withstood  the  heavy  rush.  However, 
if  the  series  magnetization  is  quite  strong  in  proportion  to  the 
shunt,  their  combined  effect  may  so  magnetize  the  fields  that  the 
armature  will  be  burnt  out. 

13.  A  short-shunt  compound -wound  generator  has  its  shunt 
field  connected  directly  across  the  brushes.  (See  Fig.  9.)  Gen- 
erators arc  usually  connected  in  this  way  because  it  tends  to  main- 
tain the  shunt  field  current  more  nearly  constant  on  variable 
Innds,  as  I  lie  drop  in  I  lie  sorit's  winding  dues  not  directly  affect  the 
voltage  on  the  shunt  field  with  this  arrangement, 

13.     A  long   shunt  generator   has  its  shunt  field  winding  con- 
nerled  across  the  terminals  of  the  generator.     (Sec  Fig.  10.) 
14.     Three-wire   direct -current   genentots    ate   fiscusatd,  as 
relink  tfieir  application  to  three-wire  systems,  VntiMi&tW.  *■*»«», 
See  index.      They  are  ordinary  direct -curt  er>V  ^eoeiaujis.  vrai.  >fc* 
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s  and  additions  described  below.  They  are  usually 
or  125-250  volt,  three-wire  circuits.  In  commercial  three- 
lerators  (Wcstinghoitse  Eltilric  tr  Manufacturing  Co.)  four 
int  taps  are  made  in  ihc  armature  wiridins,  and  each  pair 


4  connected, 
the  neutral  and 
vires  which,  within   *'£}* 


tthe 

:he  collector  rings, 
lector  brushes  and 
>ldcrs  are  used  in 
to  the  regular 
irrent  brushes  and 

The  series  coils  of  compound -wound  three-wire  generators 
ded  into  halves  (see  Fig.  12},  one  of  wliiih  is  connected  to 
five  and  one  to  the  negative  side.  This  is  done  to  obtain 
nding  on  either  side  of  the  system  when  operating  on  an 
ced  load.  To  understand  this,  consider  a  generator  with 
s  field  in  the  negative  side  only  and  with  most  of  the  load 
iitive  side  of  the  system.  The  current  flows  from  the 
ish  through  the  load  and  back  along  the  neutral  wire 
iing  through  the  series  held.  The  generator  is  then 
operating  as  an  ordinary  shunt 
machine.  If  most  of  the  load  be 
on  the  negative  side,  the  current 
flows  out  the  neutral  wire  and 
back  through  the  series  fields, 
boosting  the  voltage  (on  that  side 
only).  Such  operation  is  evidently 
not  satisfactory,  and  so  the  divided 
series  fields  are  provided. 

16.    As   there   are    two   series 

*  fields,  two  equalizer  buses  are  re- 

■    ■■■  ^reneneiaior"      quired   when    several    three-wire 

machines  are  installed  (see  Fig.  n) 

i   to    be   operated  in  multiple.     The  two  equalizers  serve 

ibute  the  load  equally    bet  n-een   the  machines  and  to  pre- 

dss  currents  due  to  differences  in  voltage  on  the  different 

KS.     Because    of  the    equalizer    connections,    two   small 

1  boards  are  supplied,  one  for  each  side  of  the  (,'encralor. 

unent  is  also  made  for  ammeter  shunts  on  Ine  trciamA 

imeter  shunt  is  mounted  directly  on  each  oA  \.\\c  csnftas*. 
"*■-  '-Hal  current   output  ol  \.Vie  m&sKwv* 
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can  thereby  be  read  at  the  switchboard.  As  the  shunts  are  at  the 
machine,  there  is  no  chance  for  current  to  leak  across  between 
generator  switchboard  leads  without  causing  a  reading  on  the 
must  be  provided  for  reading  the  cur. 
It  ii  important  that  the  current  Ik 
measured  on  both  sides 
of  the  system,  for  wilb  I 
an  animrlcT  in  one  siiit 
";:■  ;>"{'"'  of  the  system  only, it  a I 
***  possible  for  a  large  un- 1 
measured  current  10 1 
flow  in  the  other  side) 
with  disastrous  results,  f 

17.  Wires  connect- 
ing the  balance  coils  to 
a  three-wire  genentw 
be  short  and  d 
esistance.  Anj 
considerable  rerislaniT 
in  these  will  affect  the 
vol  tup:  regulation.  Tbt 
iml.LLLinctd  curtenl 
flows  along  these  con- 
nections; consequently, 
if  they  have  much  resistance,  the  resulting  drop  in  voltage  reduce 
the  voltage  on  the  heavily  loaded  side. 

Switches  are  ordinarily  not  placed  in  the  circuits  connecting  tlf 
four  collector  rings  to  the  balance  coils.  When  necessary,  tit 
coils  may  be  disconnected  from  the  generator  by  raising  the  brushes 
from  the  collector  rings. 
Switching  arrangements 
often  make  it  necessary 
to  run  the  balance-coil 
connections  to  theswitch- 
board  and  back,  requir- 
ing heavy  leads  to  keep 
the  drop  low;  or  if  heavy 
leads  ore  not  used,  then 
poor  regulation  may  re- 
sult. The  balance  coils 
are  so  constructed  that 
there  is  very  little  likeli- 
hood of  anything  hap- 
pening to  them  that  will 
not  be  taken  care  of  by 
the  main  circuit  breakers. 
Complete  switch  board  ci 
connection  diagrams  are 
—     a  in  Figs,  is,  13  and  14. 

-a  Start  a  Shunt-wound  G«i«&tw.— ^<Ac  Wv.- 

"   %  the  oiling  amoBBincnU  ^taW*^^ 
13    Sec    that   the   mcMm  ys  cabsdef  &=«««. 
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im  the  external  circuit.  This  is  not  always  necessary,  but  is 
:est.  See  that  the  field  resistance  is  all  in  circuit.  (2)  Start  the 
nature  turning.  (3)  When  the  armature  is  up  to  speed,  cut 
t  field  resistance  until  the  voltage  of  the  machine  is  normal  or 
ual  to  that  on  the  bus-bars.  (4)  Close  the  line  switch,  watching 
:  ammeter  and  voltmeter  and  make  further  adjustment  with 
=  field  rheostat  if  necessary. 


19.     Approximate  Data  on  Standard,  Compound -wound, 

Direct -current,  Commutating-pole  Generators 
The  efficiency  of  a  generator  depends  on  its  design,  and,  to  a 
lain   extent,   on  its   speed   and   voltage.     Average   values   are 
en  in  the  following  table  thaL  are  fairly  representative  of  modern 
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20.  Nearly  all  commercial  direct-current  generators  have  mot 
than  two  poles.  In  some  of  the  preceding  diagrams  only  t" 
«trc  shown  50  thai  the  diagrams  would  be  simple.  A  two-pa 
machine  is  a  bipolar  machine;  one  having  more  than  two  poles: 
a  multipolar  machine.  Fig.  15  shows  the  connections  and  tt 
dirijL-!ii>:i  of  the  magnetic  flux  of  a  four-pole  machine.  Diagran 
for  machines  having  more  poles  would  be  similar.  In  multipok 
n)iu-!imes  there  is  usually  one  set  of  brushes  for  each  pair  of  pole 
but  with  series-wound   armatures,  such  as  are  used  for  railwa 


w»4 

fitld 

Rheesiot 

■'    x         '•• 

1 

; 

iii 

for   four-pole 

Conn 

-d'°"B' 

Direction       of 
Magnetic    Flu*. 

compound- wound   generator. 

tors,  one  set  of  brushes  may  suffice  for  a  multipolar  machini 
0  connections  of  different  makes  of  machines  vary  in  detail  am 
manufacturers  will  always  furnish  complete  diagrams  so  u 
t'liuit  will  lie  made  to  give  them  here.  The  directions  of  til 
il  windings  on  generator  frames  are  given  in  Fig.  16.  Th 
vlicms  of  the  windings  on  machines  having  more  than  fou 
t*  are  similar  in  general  to  those  of  the  four-pole  machines. 


'-^Api 


ai.  To  Start  a  Compound-wound  Generator. — (1)  Seethatthffl 
is  i':lh.il;:i  nil  ir.  dit-  bearings,  that  the oil  rings  are  working  and  thai 
;il!  in;lil  riM-:.in,f  ^  ,-ut  in.  (>)  Start  the  prime  mover  slowly  aod 
]i.Ti'ii:  si  1,.  I'niiif  up  to  speed.  See  that  the  oil  rings  are  working, 
1,0  \\  lien  machine  is  up  t,i  normal  speed,  cut  out  field  resistann 
ur.til  volume  ot  the  ,„a,hine  is  normal  or  equal  to  or  a  trifle  abort 
th.it  on  tUe  bus  bars.  u>  Throw  on  the  load.  If  three  sep»r»tt 
snitches  arc  used,  as  in  1- ip.  17.  close  the  equalizer  switch  first,  ll* 
sesA-s  cil  line  switch  second,  and  tta  otViet  \\ne  switch  third  B] 
•  three-pole  switch  is  used,  as  in  Fmj.  iS,  ai\  tow  yi«,  *»\* 
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mrse,  clused  at  the  same  time.  (5)  Watch  the  voltmeter  and 
mmeter  and  adjust  the  field  rheostat  until  the  machine  tabes  its 
tare  of  the  load.  A  machine  generating  the  higher  voltage  will 
Lke  more  than  its  share  of  the  Ii 

will  run  the  other  as  a  motor. 

23.  To  Shut  Down  a  Com- 
lund-wound  Generator  Oper- 
mg  in  Parallel  with  Others. — 
:)  Reduce  the  load  as  much  as 
issible  by  throwing  in  resistance 
ith  the  field  rheostat.  (2)  Throw 
T  the  load  by  opening  the  cir- 
lit-breaker,  if  one  is  used,  ether- 
ise open  the  main  general  or 
vitches.  (3)  Shut  down  the 
riving  machine.  (4)  Wipe  off 
1  oil  and  dirt,  clean  the  machine 
nil  put  it  in  good  order  for  the 
sxtrx 


'I  /  "*; 


[or 


If    the    machine   is   operating 
idependently  and  no  motors  are 

annccted  to  the  circuit,  close  the  engine  throttle  valve  and  permit 
le  engine  and  generator  to  come  to  rest.  Turn  all  resistance  in 
ie  field  rheostat.  Open  the  main  switch.  Where  motors  are 
:rved  they  must  be  disconnected  first.     If  they  are  not,  a  loaded 


oar  J  iW.stmghouae). 


•otar  may  stop  when  the  impressed  voltage  decreases.  souw.-s'tiM. 
>oiv  normal.  Then,  since  its  armature  is  not  Wtmns, 'ft  w  ^ 
''  ■'■''"•rt-nrcuit  :lm{  mnv  |,jow  fuses  ot  make  rAOet  WWK- 

r.  To  Shut  Down  a  Shunt-wound  GeneTe.toT.-W"' 
oad  as  much  as  possible  by  throwing 
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field  rheostat.  (2)  Throw  off  the  load  by  opening  the  circuit- 
hreakcr,  if  one  is  used,  otherwise  open  the  feeder  switches  and 
finally  the  main  generator  switches.  (3)  Shut  down  the  driving 
machine  (4)  Wipe  off  all  oil  and  dirt,  clean  the  machine  and  put 
it  in  good  order  for  the  next  run. 

24.  Parallel  Operation  of  Shunt  Generators. — As  suggested  in 
6  shunt -wound  generators  do  not  operate  very  well  in  parallel  j 
because  they  do  not  divide  the  load  well  and  the  voltage  of  one 
is  apt  to  rise  above  that  of  another  and  drive  it  as  a  motor.  When 
it  is  running  as  a  motor  its  direction  of  rotation  will  be  the  same  as 
when  it  was  generating,  hence  the  operator  must  watch  the  am- 
meters closely  for  an  indication  of  this  trouble.  Shunt  generators  . 
are  now  seldom  installed  and  are  seldom  operated  in  parallel, 
although  they  will  work  that  way.     Where  there  are  several  in 
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Vu..   10.     i  V:\tuvt  io-.'.s  tVr  sh;:::;  generators  for  parallel  operation. 


a  plant  the  best  arrangement  is  to  divide  the  total  load  between 
them,  giving  each  its  own  distinct  circuit.  Fig.  10  shows  the  con- 
mviions  tor  shunt  generators  that  are  to  be  operated  in  parallel. 

25.  Parallel  operation  of  compound -wound  generators  is  readily 
etYectcd  it  the  machines  are  of  the  same  make  and  voltage  or  are 
designed  >\ it h  similar  electrical  characteristics  ^Wcstinghousc  Co.). 
The  onl\  change  usually  required  is  the  addition  of  an  equalizer 
connection  between  machines.  I:  the  generators  have  different 
compounding  ratios  it  ma\  be  ruvessary  to  readjust  the  series 
field  >':v..v.:$  to  ob:ain  c.'.v.tor'.v.  co:v.:::.or.s. 

jo.  An  equalizer,  or  equalizer  connection,  cor.r.ecr*  two  or  more 
ceneratois  o.vra  :•>..:  it*.  ;»ara'.Iei  a:  a  ;v!r.:  where  the  armature  and 
sc.ies  :w\\  '.cads  v::1.  v-ce  F:g.  *.-'.::*.".<  oc-'/.r.ec'.ing  the  armatures 
in  \\\\\\\v.\c  ,\\w.  the  >evies  eoV.s  ::*.  :v.v.".::.,y.e.  i"  order  that  the  load 
w...  c/.x-co  :»e;\wvr.  ::w  ge:%.e:.;:crs  •.:*.  j'ro-.vrz'.or.  :o  :r.e:r  capacities. 
The  a::a:%.gc:"ae:::  o:  cvt.v.wn  :v.*.s  :o  a  $\\::cV.K\*:d  \)Vt$::ngkouse) 

»_  «■•«  »««  •>  ■•%  V'».»  •  s  1  >■*<■  » .»•»  *  »•*  -*\  ••**•■»  .»  *\v  >  .**  >**%*'vv^Tii"i«\i.*oiinH 
;>   >..x'V»..    ...    I   .«^.     ,»*»         V.  \   .  .>.v.s  .  .    .\  .    v\. ......   .V  .    .  ■»  v     w  .»»VUUU*nUUUU 

rs-*jw  *■•       •'•.i'.i    »•:     ■*     «:"■.•  *»*     J  •»•!».*  .»j.»    « •»     ">*,'»j»    i'^W*    v^*     »>"*£>    V>  3kC YAYkf>     VL 

iiv.:A/  :.txc  ;:wrr  :h.;v.  ::*  *>.*re  o.;.  Voao..     Xt.c  v££xc.3&c&  cuxwx&. 
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flowing  through  its  series  field  would  strengthen  the  magnetism, 
raise  the  voltage,  and  cause  the  machine  to  carry  a  still  greater 
amount  until  it  carried  the  entire  load.  AY  here  equalisers  are  used, 
the  current  flowing  through  each  scries  coil  is  proportional  to  *' 
resistance  of  the  series  coil  circuit  and  is  independent  of  the  li 
on  any  machine;  consequently  an  increase  of  volume  on  one  machine 
builds  up  the  voltage  of  the  other  at  the  same  time,  so  that  the 
first  machine  cannot  take  all  the  load  but  wilf  continue  to  share  it 
in  proper  proportion  with  the  other  generators. 

27.  Operation  of  a  shunt  and  a  compound  dynamo  in  parallel 
is  not  successful  because  the  compound  machine  will  take  more 
than  its  share  of  the  load  unless  the  shunt  machine  field  rheostat 
is  adjusted  at  each  change  in  load. 

28.  Three-wire  direct-current  generators  can  be  operated  in 

multiple  {Weslir.(lhpusi:l'iih:u..:!i«n  ■  with  each  other  and  in  multiple 
with  other  machines  on  the  three-wire  system  (see  Figs.  12,  13  and 
14).  When  operating  a  three-wire,  250-volt  generator  in  multiple 
with  two-wire,  125-volt  generators,  the  series  fields  of  thetwo  two- 
wire  generators  must  be  connected,  one  in  the  positive  side  and  01 
in  the  negative  side  of  the  system,  and  an  equalizer  must  be  n 
to  each  machine.  Similarly,  when  operating  a  three-wire,  250-volt 
generator  in  multiple  with  a  250-voll,  I  wo- wire  uri  nerator,  the  series 
field  of  the  250-volt,  two-wire  generator  must  be  divided  and  one- 
half  connected  to  each  outside  wire.  The  method  of  doing  this  is  " 
disconnect  the  connectors  between  the  series  field  coils  and  reel 
nect  these  coils  so  that  all  the  N  pole  fields  will  be  in  series  on  c 
side  of  the  three-wire  system  and  all  the  5  pole  fields  in  series 
the  other  side  of  the  system. 

19.  Switchboard  Connections  for  Three-wire  Generators.— 
Pig.  12  is  a  diagrammatical  representation  of  the  switchboard 
Connections  for  two  three-wire  generators  operated  in  multiple 
(.IVestinghousc  Publication).  Two  ammeters  indicate  the  unbal- 
anced load.  The  positive  lend  and  ■_■  ■■  1 1 : ..1.1  i xcr  are  controlled  by  a 
double-pole  circuit- breaker;  the  negative  lead  and  equalizer  like- 
wise. Note  that  both  the  positive  and  negative  equaliser  conr 
tions  as  well  as  both  the  positive  and  negative  leads  are  run  to 
circuit-breakers  in  addition  to  the  main  switches  on  the  switch- 
board. It  is  necessary  that  this  be  done  in  all  cases.  Otherwise, 
when  t.wo  or  more  machines  are  running  in  multiple  ami  the  breaker 
Comes  out,  opening  the  main  circuit  to  one  of  them  but  not  breaking 
its  equalizer  leads,  its  ammeter  is  left,  connected  to  the  equalizer  bus- 
hars  and  current  is  fed  into  it  from  the  other  machines  through  the 
equalizer  leads,  either  driving  it  as  a  motor  or  destroying  the 
armature  winding.     (See  also  Fiys.  1.1  and  14.) 

30.  Commuta ting-pole  machines  will  run  in  multiple  with  e; 
other  and  with  non-commutating-pole  machines  provided  correct 
connections  are  marie.  See  illustrations.  The  series  field  windings 
on  commuta  ting- pole  machines  are  usually  less  powerful  than  on 
non-commutating-pole;  and  particular  attention  should,  therefore, 
be  paid  to  setting  the  proper  drop  in  accordance  with. TOsUvKXvm". 
1  of  33.     A  connection  diagram  is  shown  in  Fig.  18,  A. 

31.    Testing  for  Polarity.— When,  a  machine  lAtat  is  to  «§«»^ 
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in  parallel  with  others  is  connected  to  the  bus-ban  for  thf  U 
time  it  should  hi-  U'sU'd  (or  polarity.  The  -f-  lead  of  tlie  machine 
should  connect  to  the  +  bus-bar  and  the  —  lead  to  the  —  bus-bit 
(Fig.  20,  /).  The  machine  to  be  tested  should  be  brought  up  t< 
normal  voltage,  but  nol  cunneeted  10  the  bars.  The  test  can  \i 
made  with  two  lamps  (Fig.  20,  //).  each  lamp  of  the  voltage  oi  tl 
circuit.  Each  is  temporarily  connccied  between  a  machine  t« 
minal  and  bus  terminal  of  the  main  switch.  If  the  lamps  do  tin 
burn,  the  polarity  of  (he  new  machine  is  correct,  but  if  they  bun 
lirijrhlly  its  polarity  is  incorrect  and  should  be  reversed.  A  volt 
meter  can  be  used   (Fig.   20,  III).     A  temporary 


made  across  one  pair  of  outside  terminals  and  the  voltmeter  is  ! 
connected  across  the  other  |>air.  No  or  a  small  defection  indicia 
correct  polarity.  (Test  with  voltmeter  leads  one  way  and  then 
reverse  them,  as  indicated  by  the  dotted  lines.)  A  full-scale 
deflection  indicates  incorrect  polarity.  Use  a  voltmeter  having! 
voltage  r.uiKt  ci'|i.i;l1  to  twice  I  he  voyage  on  the  bus-bars. 

32.  To  adjust  the  division  of  load  between  two  compound- 
wound  generators:  First  adjust  the  series  shunts  of  both  machine; 
so  that,  as  nearly  as  possible,  the  voltages  of  both  will  be  the  same 
"1. 1,  \,  and  full-load.    Then  connect  the  machines  in  parallel, 

ted  in  Fig.  17,  for  trial.     If  upon  loading,  one  machins 

.  e  than  its  share  of  the  load  (amperes/,  increase  the  rcsisl- 

j£  the  path  through  its  seric-s-iiehl  coil   path  until   the  load 

s  between  the  machines  |>ri>|»jri  ionally  to  their  capacities. 

"  increase  in  resistance  is  usually  needed.     The  increase 

vided  by  inserting  a  longer  conductor  between  the 

d  the  bus-bar,  or  iron  or  German-silver  washers  can  lit 

a  connection  lug.     Inasmuch  as  (when  machines 

n  parallel)  adjustment  of  the  series  coil  shunt  affect; 

:  similarly,  nothing   can    be    accomplished    through 

-h  adjustment. 

i  shunt  for  a  compound  generator  consists  of  a 

ection  across  the  terminals  of  the  series  firfd 

/  means  oi  Which  t\ie  compOMnfiiag,  »&*  •- 
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of  the  series  winding  may  be  regulated  by  shunting  more  or  less 
of  the  armature  current  past  the  series  coiis.  It  may  be  in  the 
form  of  grids,  on  large  machines,  or  of  ribbon  resistors.  In  the 
latter  case  it  is  usually  insukitfd  ;in<I  fnkied  into  small  compass. 

34.  Connecting  Leads  for  Compound  Generators. — See  that  all 
the  cables  that  lead  from  the  various  machines  to  the  bus-bars  are 
of  equal  resistance.  This  means  that  if  the  machines  are  at  different 
distances  from  the  switchboard,  different  sizes  of  wire  should  be 
used,  or  resistance  inserted  in  the  low-resistance  leads.     See  3». 

With  generators  of  small  capacity  the  equalizer  Is  usually  carried 
to  the  switchboard,  as  suggested  in  Fig.  18A,  but  with  larger  ones  it 
is  carried  under  the  floor  directly  between  the  machines  (Fig.  11). 
In  some  installations  the  positive  and  the  equalizer  switch  of  each 
machine  are  mounted  side  by  side  on  a  pedestal  near  the  generator 
{Fig.  21).  The  difference  in  potential  between  the  two  switches 
is  only  that  due  to  the  small  drop  in  the  series  coil.  The  positive 
bus-bat  is  carried  along  under  the  floor  near  the  machines.  This 
permits  of  leads  of  minimum  length.  Leads  of  equal  lengths 
should  be  used  for  generators  uf  Ci|i:;d  1  itpucilics.  If  the  capacities 
are  unequal  (see  31)  it  may  be  necessary  to  loop  the  leads.  (Sec 
Fig.  J 1.) 


tly  Pig.  11.— Sand  papyri  ng  bruiW 

35.  Ammeters  for  compound  generators  should,  as  in  Fig 
always  be  inserted  in  the  lead  not  containing  the  compound  w 
ing,  If  cut  in  the  compound  winding  lead  the  current  indication 
will  be  inaccurate  because  current  from  this  side  of  the  machir. 
can  llow  either  through  the  equalizer  or  the  compound-winding  le 

36.  Brushes,  their  Adjustment  and  Care  tWcstinghome  1 
siruciion  Book). — The  position  of  the  brushes  on  a  direct -turn: 
machine  should  be  on  or  near  the  no-load  neutral  point  of  t 
commutator.  This  neutral  point  on  most  standard,  non-comm 
fating  pole  machines  is  in  line  with  the  center  of  the  pole  and  the 
brushes  should  be  set  a  tittle  in  advance  of  this  nculral  pi'  ' 
The  brushes  of  non-com  mutating  pole  generators  should  be  n 

a  slight  "forward  lead'1  in  the  direction  of  rotation  of  the  armal 
Motor  brushes  should  be  set  somewhat  back  of  vtit  iwnVrA  \i 
Uw  '-backward  lead"  in  this  case  being  approximate^  «V» 
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the  forward  lead  on  generators.  The  exact  position  in  either  ce__ 
is  that  which  gives  the  best  commutation  at  normal  voltage  for  all 
loads.  In  no  case  should  the  brushes  be  set  lar  enough  from  the 
neutral  point  to  cause  dangerous  sparking  at  no-load. 

The  ends  of  all  brushes  should  be  fitted  to  the  commutator  so 
that  they  make  good  contact  over  their  entire  bearing  faces.  This 
can  be  most  easily  accomplished  after  the  brush  holders  have  been 
adjusted  and  the  brushes  inserted  as  follows:  Lift  a  set  of  brushes 
sufficiently  to  permit  a  sheet  of  sandpaper  to  be  inserted.  Draw  the 
sand-paper  in  one  direction  only,  preferably  in  the  direction  of  rota- 
tion, under  the  brushes  (Fiji.  .':')  being  careful  to  keep  the  ends  of 
the  paper  as  close  to  the  commutator  surface  as  possible  and  thus 
avoid  rounding  the  edges  of  the  brushes,  each  set  of  brushes  being 
similarly  trenlnl  in  turn.  Start  with  coarse  sand  paper  and  finish 
with  fine  sand  paper.  If  the  brushes  are  copper  plated,  their  edges 
should  be  slightly  beveled,  so  that  the  copper  does  — *  * 
the 


37.    Current  Taken  by  Direct-current  Motors 


g-pola  Generators  and  Motors,  Fig.  23  {Slai 
Handbook).— The  principal  advantage  of  the  commutating  p 
"  >n  resides  in  the  fact  that  with  it  the  commutation  t 
d  practically  perfect  under  any  condition  of  service. 
The   object  in  using  the  commutating -pole  is  to  produ 
rmature  coil  under  commutation  an  e.m.f.  of  the  proper 
jn  to  reverse  the  current  in  the  coil  while  it  is  yet  und 
a  result  that  is  essential  to  perfect  commuf 
a  in  the  flux  distribution  in  the  air-gap  of  a 

t  machine  of  the  ordinary  shunt-wound  type,  at  e 

r  full-load,  is  shown  in  Fig.  24.     Consider  now  ti 

n  of  the  flux  in  the  coil  under  the  brush  when  t 

crating  at  full-bad.     The  motion  of   the  armatur 

'm  causes  the  generation  vritViin  vac  ca\\  ol  a,o  t 

o  of  this  e.m.f.  is  such  as  t    tend  to  cause  VAie  c 

o  continue  in  (he  direction  wbidiiVtadWiowVo* 
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reached  the  brush,  and  hence  it  opposes  the  desired  reversal  of  the 
current  before  the  coil  leaves  the  brush. 

There  is  an  additional  detrimental  influence  which  tends  to  retard 
the  rapid  reversal  of  the  current  even  when  ail  olher  influences  are 
absent.  This  latter  influence  is  due  to  1  lie  local  magnetizing  effect 
of  the  current  in  the  coil  under  the  brush.     On  account  of  this  there 


surround  the  conductor  lints  of  forte,  the  change  in  the  value  o 
which,  with  the  fluctuations  of  the  current  as  it  tends  i 
generates  in  the  coil  an  e.m.f.  which  opposes  the  change  in  the 
value  of  the  current.  This  reactive  e.m.f.  is  in  the  same  direction 
as  that  due  to  the  cutting  of  the  flux  by  the  coil  under  the  brush 
iind  iii  likewise  proportional  to  the  speed. 

It  will  be  apparent  that  even  were  the  field  distortion  completely 
neutralized,    the   detrimental    reactive  e.m.f.  would  yet  remaia 
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The  improved  and  practically  perfect  commutation  of  the  commu- 
tating-pole  motor  is  due  to  the  fact  that  the  flux,  which  is  locally 
superjKJsed  upon  the  main  lield,  not  only  counterbalances  the 
undesirable  main  Dux  cut  by  [he  coil  under  l\ic  \ku5\i,W\.Vl  «»s** 
to  be  generated  within  the  coil  an  e.m.f.  suffuAevA.  to  e*\M.A  a»6 
oppose  Lite  reactive  e.m.f,   just  referred   to.     T\us.  eS»c\.  -w-fi.  "v 
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appreciated  from  a  study  of  Fig.  as.  which  represents  the  distorted 
flux  of  the  motor  of  the  usual  design,  aa  shown  in  Fig.  14,  and  indi- 
cates the  results  to  be  expected  when  the  llux  due  to  the  auxiliary 
or  commulaling  pole  is  given  tin;  relatively  (■roper  value. 

It  is  worthy  of  note  that  this  desirable  effect  is  the  more  pro- 
nounced the  weaker  the  main  field;  and  that  the  commutation 
voltage,  if  correct  for  a  low  speed,  is  correct  for  a  high  speed;  and 
that  with  increase  of  load-current  and  main-field  distortion  there 
is  a  proportional  increase  of  counter-magnetiang  lield  produced  in 
the  coil  under  the  brush,  up  to  the  point  of  magnetic  saturation 
of  the  auxiliary  pole;  and  that  sparldess  operation  is  insured  for 
ail  operating  ranges  both  of  speed  and  load. 

40.  Commute  ting-pole,  direct-current  generators  are  similar 
in  construction  and  operation  to  commutating-pole  motors.  Ordi-  . 
nary  generators  (Westingheuse  Co.)  that  operate  under  severe  over- 
loads and  over  a  wide  speed  range  are  liable  to  spark  under  the 
brushes  at  the  extreme  overloads  and  at  the  higher  speeds.  This 
is  because  the  field  due  to  the  armature  current  distorts  the  main 
field  to  such  an  extent  that  the  coils  being  commutated  under  the 
brush  arc  no  longer  in  a  magnetic  field  of  the  proper  direction  and 
strength.  To  overcome  this,  interpoles  are  placed  between  the 
main  poles.  (See  Fig.  23.)  These  interpoles  introduce  a  magnetic 
field  of  such  direction  and  strength  as  to  maintain  the  magnetic 
field,  at  the  point  where  the  coils  are  commutated,  at  the  proper 
strength  for  perfect  commutation.  Commutating-poles  are  some- 
times called  interpoles  but  probably  "committating-pola"  is  the 
preferable  term. 

The  winding  in  the  interpoles  is  connected  in  series  with  the 
armature  so  that  the  strength  of  the  corrective  field  is  proportional 
to  the  load.  The  adjustment  and  operation  of  interpole  generators 
is  not  materially  different  from  that  of  non-interpole  machines. 

When  the  brush  position  of  an  interpole  machine  has  once  been 
properly  fixed,  no  shifting  is  afterward  required  or  should  be  made, 
and  most  interpole  generators  are  shipped  without  any  shifting 
device.  An  arrangement  for  securely  clamping  the  brush-holder 
rings  to  the  field  frame  is  provided. 

In  interpole  apparatus  accurate  adjustment  of  the  brush  position 
is  necessary.  The  correct  brush  position  is  on  the  no-load  neutral 
point,  which  is  located  by  the  manufacturer.  A  templet  is  fur- 
nished with  each  machine  or  some  other  provision  is  made  whereby 
the  brush  location  can  be  determined  in  the  field.  If  the  brushes 
are  given  a  backward  lead  on  an  interpole  generator,  the  machine 
will  over-compound  and  will  not  commutate  properly.  With  a 
forward  lead  of  the  brushes,  a  generator  will  under-compound  and 
will  not  commutate  properly. 

4'-    The  action  of  the  magnetic  flux  in  a  commutating-pole 
generator  ,'s  frustrated  in  Fig,  =6.     The  direction  of  the  main  field 
Bus  is  shown  by   tne  dashed  line.     The  direction  of  the  armature 
magncU?ztion  .g    shown  by  the  dotted  lines.     The  direction  of  the 
Ae/oT  'GterpQte  is  shown  by  the  fuVY  Me.    \\.  is.  etiAttSt  that 

„  a,?y'°lc  On  t   is  in  a  direction  opposite  \a  Wax.  ol  One  iraaXiafc 
*      'a  as  if, e     j.nterpole  coil  is  more  powerful  "*  "Wa  lo.a.^eMv&iM 
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iction  than  the  armature  coils,  the  flus  of  the  armature  coils  i< 
leutralized.  With  a  less  powerful  magnetizing  force  from  the 
nterpole  than  from  the  armature,  the  armature  would  overpower 
;he  interpole  and  reverse  the  direction  of  the  flux,  which  would 
result  in  a  very  bad  commutating  condition. 

41.  Commuta ting-pole,  Three-wire  Generators.— On  three-w 
generators  connections  are  so  made  that  one-half  of  the  int 
pole  winding  is  in  the  positive  side  and  the  other  half  is  in  I 
negative  side.  This  insures  proper  action  of  the  interpoles  at 
unbalanced  load.  (See  Figs.  12,13  and  14  and  the  test  accompany- 
ing them.) 

43.  To  reverse  the  direction  of  rotation  of  a  commutating -pole 
generator,  reverse  the  shunt  and  series  fields  as  in  an  ordinary 
generator. 

TROUBLES  OF  DIRECT -CURRENT  MOTORS  AND 

GENERATORS— THEIR  LOCALIZATION 

AND  CORRECTION 
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45.  Troubles  of  Direct -current  Motors.— Much  of  the  material 
mder  this  heading  is  based  on  that  in  the  book  Molar  Troubles  by 
?.  B.  Raymond.  For  more-complete  information  relating  to 
lirect-current-motor-and-gencrator  troubles,  see  the  author's 
electrical  Machinery,  published  by  the  McGraw-Hill  Book 
Company. 

46.  Measurement  of  the  insulation  resistance  of  generators 
rill  give  an  indication  of  the  average  condition  of  the  insulation 
15  regards  moisture  and  dirt,  but  will  not  always  detect  weak  spots 
Westinghouse  Co.).  The  higher  the  resistance,  the  better  the 
[encral  condition  of  the  insulating  material.  The  approximate 
igure  of  one  megohm  per  thousand  volts  of  rated  e.m.f.  when  the 
nachine  is  at  its  normal  foil-load  temperature  may  be  taken  as 
ndicating  a  fairly  satisfactory  ■. ontiili-iii  oi  the  armature  insulation. 
The  insulation  resistance  of  (lie  field  will  be  much  higher  in  propor- 
ion  to  the  e.m.f.  of  the  exciting  current  and  will  seldom  give 
ippreciable  trouble.  Since  large  armatures  have  much  greater 
ireas  of  insulation,  their  insulation  resistance  will  be  proportionally 
ower  than  that  of  small  machines.  Even  though  the  material 
s  in  exactly  the  same  condition,  the  insulation  resistance  of  any 
machine  will  be  much  lower  when  hot  than  when  cool,  especially 
when  the  machine  is  rapidly  heated. 

The  only  feasible  method  of  im  it_:i-inj:  tin-  in? illation  resistance 
after  the  machine  has  been  completed  l>y  ils  manufacturer  is  by 
"drying  out."     Armature  winding  and  field  coils  are  dried  by  heat; 


Sonne  eF  Voltagi 


baking  in  an  oven  is  to  be  preferred,  but  is  often  impracticable. 
They  are  usually  heated  by  the  passage  of  current.  For  an  arma- 
ture this  may  be  done  by  shorl-i'ircuitmg  the  leads  and  running 
the  generator  with  a  low  field  charge,  just  sufficient  to  produce  the 
proper  current.     (See  47.) 

Insulation  resistance  may  be  conveniently  measured  with  a 
high- resist  a  nee  voltmeter  specially  designed  for  the  purpose  as 
directed  in  the  first  section  (see  Indei).  Voltmeters  having  a 
resistance  of  one  megohm  are  now  made  for  this  purpose  so  that, 
if  one  of  these  instruments  is  used,  Ihc  calculation  is  somewhat 
simpbfied.  A  double-pole  switch  arranged  as  indicated  in  Fig.  a 
is  convenient  for  changing  the  voltmeter  connections.  If  _ 
grounded  circuit  h  used  in  making  this  measuTemera,  cMtwssX 
>r  taken  to  connect  the  grounded  side  of  t\ie  Uw  V>  feft  Uwt«  <*. 
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the  machine  to  be  measured,  and  the  voltmeter  between  the  Bind- 
ings and  the  other  side  of  the  circuit. 

47.  Drying  Out  a  Generator  or  Motor.— If  a  generator  has  beta 
exposed  to  dampness,  before  being  started  in  regular  service  it 
shook!  be  operated  wit li  its  armature  short-circuited  beyond  ttie 
ammeters  and  with  the  field  current  adjusted  so  as  to  raise  tempera- 
ture to  about  70  deg.  cent.  The  current  should  then  be  lowered 
and  raised  by  means  of  the  field  adjustment  until  the  coils  become 
thoroughly  dry.  The  temperature  should  not  be  allowed  to  drop 
to  that  of  the  surrounding  atmosphere.  as  Mic  moisture  would  then 
again  be  condensed  on  the  coils,  and  the  machine  brought  to  the 
same  condition  as  at  (lie  start. 

There  is  always  danger  of  overheating  the  windings  of  a  machine 
when  drying  them  with  current,  as  the  inner  parts,  which  cannot 
quickly  dissipate  the  heat  generated  in  them  and  which  cannot  be 
examined,  may  get  dangerously  hot,  while  the  more  exposed  and 
more  easily  cooled  portions  are  still  at  a  comparatively  moderate 
temperature.  The  temperature  of  the  hottest  part  accessible 
should  always  be  observed  while  the  machine  Is  being  dried  out 
in  this  way,  and  should  not  be  allowed  to  exceed  the  boiling-point 
of  water.  It  may  require  several  hours  or  even  days  to  thoroughly 
dry  out  a  machine,  especially  if  it  is  of  large  capacity.  Large  field 
coils  dry  very  slowly.  Insulation  is  more  easily  injured  by  over- 
heating when  damp  than  when  dry. 

48.  When  starting  up,  a  generator  may  fail  to  excite  itself 
0\'rsl!nghflitsc  hislrw-thin  lie.*!:).  This  may  occur  even  when  the 
generator  operated  perfectly  during  the  preceding  run.  It  will 
generally  be  found  thai  this  trouble  is  caused  by  a  loose  connection 
or  break  in  the  field  circuit,  by  poor  contact  at  the  brushes  due  to 
a  dirty  commutator  or  perhaps  to  a  fault  in  the  starting  box  or 
rheostat,  or  incorrect  position  of  brushes.  Examine  all  connections; 
try  a  temporarily  increased  pressure  on  the  brushes;  look  for  a 
broken  or  burnt  out  resistance  coil  in  the  rheostat.  An  open 
circuit  in  the  field  winding  may  sometimes  be  traced  with  the  aid 
of  a  magneto  bell;  but.  this  is  nor.  an  infallible  test  as  some  magnetos 
will  not  ring  through  a  circuit  of  such  high  resistance  and  reactance 
even  though  it  be  intact.  If  no  open  circuit  is  found  In  the  starting 
box  or  in  the  field  winding,  the  troubl.-  is  \.r  il.i.ibly  in  the  armature.* 
But  if  it  be  found  that  nothing  is  wrong  with  the  connections  or 
the  winding  it  may  be  necessary  to  excite  the  field  from  another 
generator  or  some  other  outside  source. 

Calling  the  generator  we  desire  to  excite  No.  1,  and  the  other 
machine  from  winch  current  is  to  be  taken  No.  2,  the  following 
procedure  should  be  followed.  Open  all  switches  and  remove  all 
brushes  from  generator  No.  1;  connect  the  positive  brush  holder  of 
generator  No,  1  with  the  positive  brush  holder  of  generator  No.  2; 
also  connect  the  negative  holders  of  Ihe  machines  together  (it  is 
desirable  lo  complete  the  circuit  through  a  switch  having  a  fuse 
of  about  5  amp.  capacity  in  scries).  Close  the  switch.  Where 
the  generator  in  trouble  connects  to  bus-bars  fed  by  other  genera- 
tors,  the  <amc  result  can  be  effected  by  -.nsu\a\W,  tke  twushes  of 
f  the  machine  in  trouble  from  their  corn.muXaA.cii  and  L\os,vntOatxKua 
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.witch.  (See  Fig.  a8.)  If  the  shunt  winding  of  generator  No.  i 
s  all  right,  its  field  will  show  considerable  magnetism.  If  possible, 
reduce  the  voltage  of  generator  ,\*u.  2  beiore  opening  the  exciting 
Hrcuit;  then  break  the  connections.  If  this  cannot  be  done,  throw 
n  all  the  rheostat  resistance  of  generator  Xo.  t ;  then  open  the  switch 
very  slowly,  lengthening  out  the  arc  which  will  be  formed  until  il 

A  simple  means  for  getting  n  o>iii|j<>it[irl-wound  machine  to  pick 
up  is  to  short-circuit  it  through  a  fuse  having  approximately  the 
:urrent  capacity  of  the  generator.  (See  Fig.  20.)  If  sufficient 
nirrent  to  melt  this  fuse  is  not  generated,  il  is  evident  that  there 
is  something  wrong  with  the  armature,  either  a  short-circuit  or 
apen  circuit.     If,  however,  the  fuse  has  blown,  make  one  m 


attempt  to  get  the  machine  to 
it  is  evident  that  something  !■ 
connections. 

If  a  new  machine  refuses  to  excite  and  the  ci 
be  all  right,  reverse  the  cirmeclions,  i.e.,  connect  the  wire  which 
leads  from  the  positive  brush  to  On-  negative  brush  and  the  h 
which  leads  from  the  negative  brush  to  the  positive  brush.  If 
this  change  of  connections  does  no  good,  change  back  and  locate 
the  fault  as  previously  suggested. 

40.  The  proper  connections  for  a  shunt  motor  are  as  shown  i: 
Fig.  30.  The  field  B  h  connected  as  shown,  so  that  when  the  switch 
D  is  closed  it  becomes  excited  before  the  armature  circuit  through 
the  switch  £  is  closed.  Thus  when  the  motor  armature  has  current 
admitted  to  it  through  switch  E  and  starting  resistance-box  A, 
the  field  is  already  on,  and  the  full  torque  of  the  motor  is  obtained. 
The  torque  of  a  motor  is  ci;u:il  10  the  product  of  llux  per  pole,  the 
ampere  turns  on  the  armature,  and  the  number  of  poles.  Hence, 
if  the  full  field  is  not  on  the  motor  at  starting,  full  torque  will  not 
he  obtained. 

50.  If  a  motor  wiJJ  not  start  when  the  staitin&Aws  \s  «^em!ue& 
ind  trhen  current  is  Sowing  in  the  armature,  a.11  wwesAisaSiosv 
houldbe  rnsde  to  see  if  the  field  flux  is  on,  which  ca.o'oe  ciOTfiWj 
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holding  a  piece  of  iron,  such  as  a  key,  against  the  pole-piece.     If  the   I 
flux  exists  the  key  will  be  drawn  strongly  against  the  pole-pieo 
if  there  is  no  flux  there  will  be  practically  no  attraction. 

51.    Reversed    Field-spool  Connection. — There  may  be  1 
where  the  manufacturer  has  shipped  a  motor  with  oni 
field  spools  reversed.     If  such  is  the  case  no  torque,  or 
very  weak  torque,  will  be  noticed.     Under  such  conditions  a 
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with  an  iron  key  will  show  proper  field  magnetism,  yet  the  w( 
or  total  absence  of  torque  will  be  present,  and  a  trial  of  p 
should  be  made. 

52.    Running   in   the   Wrong  Direction. — Sometimes   ; 
when  set  up  and  started  will  run  in  the  wrong  direction, 
only  change  necessary  is   (o  reverse   the   field  connection.    ' 
Fig.  31,  /,  shows  the  connection  for  one  direction  of  rotatioi 


Fig.  31, //.that  for  the  other.     Note  that  in  Fig.  31, /.the  brushes^ 

and  A*  are  shifted  backward   against   the  direction  of  rotation. 

>'■  ir  the  opposite  rotation,  a  backward  lead,  as  shown  in  Fig.  31,  II, 

must  be  chosen. 

53.    Testing  Polarity  of  Field.— This  can  be  dune  in  two  ways: 

!-:r~i,  hy  using  a  compass,  bringing  it  near  the  various  poles  and 
direction  of  the  deflection  of  Ac  nteiic.  "Smce \o  A 
poles  alternate  in  magnetic  poWay,™  one  v4e4« 
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ignetism  coming  out  and  the  nest  going  in,  it  follows  that  a 
rtain  end  of  a  compass  needle  will  point  toward  one  pole  and 
ray  from  the  next  when  conditions  are  normal.  If,  however,  two 
Ijacent  poles  show  similar  magnetism,  the  trouble  is  located, 
id  the  offending  spool  should  be  reversed.  This  should  be  done 
;nd  for  end,"  not  by  turning  on  the  axis.  The  latter  operation 
tea  not  change  the  direction  of  magnetism,  while  (he  former  does, 
irection  of  magnetism  is  determined  by  the  following  rule: 
'  'Looking  at  the  face  of  an  electromagnet  (such  as  the  field  spool 
a.  motor),  a  pole  will  be  north  if  the  current  is  flowing  around  it 
a  direction  opposite  to  the  motion  of  the  hands  of  a  watch," 
ig.  31,  and  south  if  in  the  Same  direction  as  the  motion  of  the 
mds  of  a  watch.  (Sec  also  the  rules  outlined  in  Sect.  I  of  this 
>ok.) 

Another  method  of  determining  whether  the  magnetism  of  the 
ales  is  correct  is  to  use  two  ordinary  mils,  (heir  lengths  depending 
ion  the  distance  between  pole-tips.  The  point  of  one  nail  should 
tuch  one  pole-tip,  the  point  of 
le  other  nail  the  other  pole-tip, 
lid  the  heads  of  the  nails  should 
luch  each  other. 


Fie.  33. — Locating  field-coil 

When  the  current  flows  around  the  field  spools,  the  polarity 
letween  any  two  poles  is  properly  related  if  the  nails  placed  09 
uggestcd  stick  together  by  the  magnetism.     If  there  is  no  tendency 

0  stick,  the  polarity  of  the  uvn  j>iik\,  is  alike  and  therefore  wrong. 

54.  Open  Field"  Circuit, — If,  on  closing  the  field  switch,  no 
nagnetism  is  obtained  by  trial  with  an.  iron  key,  as  suggested 
bove,  there  is  an  open  circuit  within  one  of  the  spools  or  in  the 
dres  leading  to  these  spools.  The  open  circuit  can  be  located  by 
tltting  out  one  spool  at  a  time  and  allowing  current  to  flow  through 
he  rest  until  the  defective  spool  is  discovered.  On  a  two-pole 
notor  try  first  one  spool  and  (hen  the  other.  For  a  very  short 
ime,  say,  10  min.,  double  voltage  can  be  carried  on  a  spool. 
)n  a  motor  having  four  or  more  poles,  three  spools  can  always  be 
;it  in  circuit  during  the  open-circuit  investigations. 

55.  A  method  of  locating  an  open-circuited  field  coil  is  illustrated 

1  Fig.  33.  Connect  one  terminal  of  the  voltmeter  to  one  side  of 
be  field-coil  circuit  and  with  the  bared  end  of  a  wire  or  a  contactor, 
ucccssively  touch  the  junctions  of  the  lidd-c.nil  WaiIs  atoiini  *«. 

When  the  open  coil  is  bridged  the  voltmeVet  ViW  &lci<»  i. 
—      Another  way;  Connect    the  acid-coil  titcxAX.  \*x- 


minals  to  a  source  of  voltage.     Connect  the  voltmeter  st 
across  each  coB  aa  indicated  by  the  dotted  lines  in  Fig.  j_ 
will  be  no  deflection  on  the  voltmeter  until  the  open  coil  is  bridgl 
when  the  full  voltage  of  the  circuit  will  be  indicated. 

',  A  grounded  field  coil  can  be  located  (Fig.  34)  by  com 
iree  of  voltage  to  the  machine  terminals  having  first  vaiiu.il ti 
brushes  from  the  commutator,  if  it  is  a  direct-current  miciM 
Connect  one  terminal  of  the  voltmeter  to  the  frame  and  the  oti 

a  lead  with  a  bared  end.  Tap  with  the  bared  end  cipa 
parts  of  the  field  circuit.  The  voltmeter  defiection  will  be  la 
near  the  grounded  coil. 
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57.  Heating  of  Field  Coils  {Westinghouse  Instruction  Botl 
Heating  of  field  coils  may  develop  from  any  of  the  following  ci 
(a)  Too  low  speed;  (b)  too  high  voltage;  (c)  too  great 
ward  or  backward  lead  of  brushes;     (d)  partial  short-circi    I 

le  coil:  (e)  overload. 

58.  Direct- current  armatures  can  be  tested  for  the  coi 
troubles  with  the  arrangement  of  Fig.  35.  Terminals  b 
are  clamped  to  the  commutator  at  opposite  sides  and  coi 
with  a  source  of  steady  current  through  an  adjustable  res 

an  ammeter.  The,  terminals  of  a  low-reading  ■■■ 
galvanometer  can  often  be  used)  are  connected  to  two  bare 
points,  which  arc  separated  by  an  insulating  block, j.  In  u! 
current  is  adjusted  to  produce  a  convenient  deflection  of  the 
meter  when  each  of  the  points  rests  on  an  adjacent  bar. 
points  are  moved  around  the  commutator  and  bridged  ai 
insulation  between  every  two  bars.     If  the  voltmeter  defl 

ame  for  every  pair  of  bars  it  indicates  that  there  is 
in  tne  armature. 
50.     Sparking  Due  to  Open  Armature  Circuit— A 
sparking  commutator  is  an  o)\cn  dtcu.iv  m  ft\t  -wyo&d^  tvi 
the  armature  body  or,  more  often,  whete  to.e\eaAATOm'ite«» 
u-iniMnp  in  snMerc'd  to  the  commutator.    \ia  vae.\&Vusi  casr 
ing  is  a  ready  remedy.      If,  however,  \he  \otaMots.  «.VJ- 
!»o  circuit  cannot  be  found,  the  bats  wav'ae'o"6* 
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or  itself  by  fastening  with  solder,  or  otherwise,  a  strip 
around  the  segments  which  indicate  the  break, 
ication  of  this  trouble  is  very  apparent,  for,  if  an  open 
sts,  the  long  heavy  spark  which  accompanies  it  soon 
the  mica  between  the  two  segments  which  are  on  each 
e  break.  This  shows  positively  where  to  bridge  over. 
:ircuit  also  shows  itself,  when  the  machine  is  running, 
dousness  of  the  spark.  It  is  unlike  any  other  kind  01 
or  sparking,  being  heavy,  long,  and  destructive  in  its 

poor  connection  between  a  bar  and  coil  leads  will  cause 
•able  deflection  of  the  voltmeter  (Fig.  35)  when  one  of 
rests  on  the  bar  in  trouble  and  the  other  rests  on  either 
acent  bars. 

1  open-circuited  coil,  as  h,  Fig.  35,  will  prevent  the 
irrent  through  its  half  of  the  armature.  There  will  be 
ion  on  that  half  of  the  armature  until  the  "open"  is 
rhen  the  voltage  of  the  testing  circuit  will  be  indicated. 


* Terminals 
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Testing  for  armature  open- 
it  with  an  ammeter. 


WTo  5ourtfo? 
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Commutator-'' 
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Fig.  37.. — Testing  for  armature  open- 
circuit  with  a  voltmeter. 


jsts  for  Open  Armature  Circuits. — Another  method  (Fig. 
ipply  to  the  commutator,  at  two  opposite  points,  a  low 
ay  from  a  battery  or  a  dynamo  with  its  voltage  kept 
ce  an  ammeter  in  circuit  and  clean  the  surface  of  the 
:or  so  that  it  is  bright  and  smooth, 
minal  ends  leading  the  current  into  and  out  of  the  com- 
ihould  be  small,  so  that  each  rests  only  on  a  single  seg- 
.  36).    Note  the  ammeter  reading  and  rotate  the  armature 
Vt  the  point  where  the  open  citcuit  exists  the  ammeter 
11  go  to  zero  If  the  leads  to  the  commutator  bar  have 
ntirely  open-circuited.    This  is  because  the  segment  is 
to  the  winding  through  the  commutator  leads, 
armature  does  not  show  the  above  symptoms,  try  con- 
low-reading  voltmeter  or  a  galvanometer  to  two  adjacent 
while  the  current  is  passing  through  the  armature   as 
from  some  external  low- voltage  source  (Fig.  37).    Note 
:tion.    Pass  from  segment  to  segment  in  this  maxvxiet^ 
the  drop  between  the  successive  pair  oi  baxs.    1Vvs» 
be  current  is  held  constant  from  the  extexna\  scrcxcfc* 
the  same  between  each  pair  of  adjacent  segments.    "W- 
jws  a  higher  drop  than  the  others  neat  it,  a.  \&g&«x  xc- 


" 
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sistance  connection  exists   there,   perhaps  causing  sparkin 
biting  of  commutator  insulation,  to  a  less  degree,  to  h 
with  an  actual  open  circuit,  but  enough,  perhaps,   t 
trouble  requiring  the  investigation. 

63.  The   test  for   armature    short -circuits,    described 
preceding  paragraph,  is  called  a  "bar  to  bar"  test.     It  is 
valuable  in  locating  faults  in  armatures.     It  is  the  method 
if  a  short-circuit  from  one  segment  to  another  is  suspected, 
the  section   in  which   the  short-circuit,  or  partial  shott-i    ( 
exists  comes  under  the  contacts,  a  low  or  perhaps  no  def 
is  shown  on  the  galvanometer  or  voltmeter,  thus  locating  t 
fective  place,     Such  short -circuits,  if  they  occur  when  runn 
owing  to  defective  insulation,  burn  out  the  coil  short-circu 
When  the  coil  passes  through  the  active  field  in  front  of  tl 
piece,  an  immense  current  is  induced  in  it,  causing  a  dest. 
of   the  insulation.    When   this  occurs  the  coil  should  be 
circuited  if  the   burning  has  not  already  short-circuited 
practical,  it  should  be  bridged  over,  as  suggested  in 
paragraph . 

64.  It  two  bars  or  a  coil  is  short-circuited  as  at  /  and 
35)  respectively,  there  will  be  little  or  no  voltmeter  defleclioi 
the  two  bars  connecting  to  the  "  short-circuit "  are  bridged 

65.  A  grounded  armature  coil  can  be  detected  in  the 
manner  as  indicated  in  Fig.  34  for  a  field  coil.  Impress  fu 
age  on  the  terminals  clamped  to  the  commutator.  Grou 
side  of  the  voltmeter  on  the  shaft  or  spider  and  touch 
connected  to  the  other  side  to  all  the  bars  in  succession, 
minimum  deflection  will  obtain  when  the  bars  connecting 
grounded  coil  are  touched. 

66.  Crossed  coil  leads  as  at  g  (Fig.  35)  are  indicated  by  a 
normal  deflection  when  the  points  bridge  the  bars  to  wh:  l 
crossed  coils  should   rightly   connect.     The  crossing  of   tie 

leads  connects  two  coils  in  scries,  hence  causes  twice  nc 

Bridging  the  bars  to  which  coil  k  connects  will  produt 
deflection,  but  it  will  be  reversed  in  direction. 

67.  Reversed  Armature  Coil. — Instead  of  the  armature 
ing  progressing  uniformly  around  from  bar  to  bar  of  the  com 
tator,  there  may  at  some  point  be  a  coil  connected  in  bad  w 
Such  a  reversed  coil  often  causes  bad  sparking.    One  way  to  0 
such  a  trouble  is  to  pass  through  the  armature,  at  opposite 
on  the  commutator,   a  current.     Then  with  a  compass  e 
around  the  armature  the  direction  of  magnetism  from  slot  t 
If  a  coil  is  reversed  when  the  compass  comes  before  it,  the 
will  reverse,  giving  a  very  definite  indication  of  the  im] 

k connected  coil. 
68.  Heating  of  Armature  {Westinghouse  Instruction  i 
Heating  of  the  armature  may  develop  from  any  of  the  fo  as 
Muses:"  (a)  Too  great  a  load; '(b)  a  partial  short-circuit  of  two 
heating  the  two  particular  coils  affected;  (c)  short-circiu 
■rounds  on  armature  or  commutator. 
69.    Hot  Armature  Coils—  Sometimes  t»V«ii  «•  w 
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*»rted,  local  heating  occurs  in  the  armature,  following  the  exact 
*»ape  of  the  armature  coil.  This  may  lie  because,  in  receiving 
ts  final  turning  off,  the  commutator  bars  were-  limited  with  copper 
'Om  one  segment  to  another  by  the  action  of  the  turning  tool. 
^-n  examination  of  the  commutator  surface  will  reveal  this  bridg- 
ng.  When  it  is  removed,  salktactory  o|i-.-r;it iun  will  ensue  if  the 
rouble  has  not  gone  too  far  and  seriously  injured  the  insulation 
■f  the  coil. 

70.  Care  of  Commutators. — They  should  be  kept  smooth  by 
he  occasional  use  of  No.  00  sandpaper.  A  small  quantity  of 
ligh  grade,  light  body  oil  should  be  used  as  a  lubricant.  The 
Ubricant  should  be  applied  to  high-voltage  generators  by  aid  of 
■  piece  of  doth  attached  to  the  end  of  a  dry  stick.  If  the  com- 
riutator  gets  "out  of  true"  it  should  be  turned  down.  By  using 
.  special  slide  rest  and  tool  this  can  be  done  while  running  the 
ngine  at  a  reduced  speed  without  removing  the  rotating  part 
rem  the  bearings.  Inspect  the  commutator  surface  carefully 
o  see  that  the  copper  has  not  been  burned  over  from  segment,  to 
egment  in  the  mica  and  remove  by  a  scraper  any  particles  of  cop- 
ter which  may  be  found  embedded  in  the  mica.  Keep  oil  away 
rom  the  mica  end-rings  of  the  commutator  as  oily  mica  will  soon 
mm  out  and  ground  the  machine. 

71.  Process  of  Commutation  and  Correction  of  Glowing  and 
fitting. — The  path  of  the  current  is  as  shown  in  1'%.  ;8.  A  is  the 
:arbon  brush;  C,  C,  C"  are  the 
:ommulator  segments;  B,  J)',  B" 
ire  the  windings  of  the  armature. 
\t  the  position  shown,  coil  B  is 
ihort  -circuited  by  the  carbon,  the 
rurrent  passing  into  the  face  of 
■he  brush  and  out  again  as  shown 
jy  the  dotted  line,  This  local 
current  may  be  many  times  larger  _, 

_hail  the  normal  flow    of    current  Cuitud  when  crimmutating       " 

tod  is  the  one  that  causes  pitting. 

With  perfect  commutation,  with  no  sparking  or  glowing,  there 
ihould  be  created  in  the  shorl-ein.uile.d  coil  under  the  brush,  by 
means  of  the  flux  from  that  pole-lip  away  from  which  the  armature 
is  revolving,  an  electromotive  iorce.  This  should  be  just  large 
snough  to  reverse  the  current  within  the  short-circuited  coil  and 
to  render  it  equal  to  the  current  in  the  winding  proper.  Since 
an  one  side  of  the  brush  the  current  is  in  one  direction  and  on  the 
ather  side  in  the  other  direction,  the  act  oi  commutation  beneath 
the  brush  is  to  reverse  this  current  and  bring  it  up  to  the  correct 
amount  in  the  opposite  direction. 

With  copper  brushes  this  reversal  of  current  must  be  very 
accurately  effected.  With  carbon  brushes  then-  is  a  much  smaller 
tendency  to  spark,  hence  they  will  stand  a  certain  inc.vaclness  of 
commutation  adjustment.  Experiment  indicate  that  the  carbon 
can  resist  as  much  as  3  volts  creating  current  in  the  v)TQn^,  &x«.- 
•lon  and  still  not  spark  or  glow.  This  is  the  property  ftisX.  ^aft. 
sased  the  use  of  csrfjojj  brushes  instead,  ot  copper  00.  too=X  wg^fc- 
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luced  in  the  wroa 
ge  of  the  armi* 


ratus.     When,  however,  this  potential,  induced  It 

tion,  rises  above  .;  vollri  during  (he  passage  of  t 

underneath  the  brush,  trouble  from  sparking  and  glowini  a 

This  is  the  reason  that,  in  a  motor,  the  brushes  are  pu 
ward  as  far  as  possible  at  no-load,  so  that  the  coil  short 
by  the  brush  may  enter  the  fringe  or  flu*  from  the  pole 
creating  the  proper  reversal  of  current  during  the  time  I 
passing  under  the  brush.  Sin< 
polarity,  only  one  can  provide 
reversal.  In  a  motor  it  is  always  the  pole  behind  the  b 
thus  the  brush  requires  a  backward  lead.  In  a  general! 
pole  ahead  of  the  brush  in  the  direction  of  r 
erators  require  a  forward  lead. 

If  the  motor  gives  trouble  from  glowing  and  pitting, 
is  probably  this  induced  current,  and  the  remedy  is,  fi 
that  the  lead  of  the  brushes  brings  them  in  the  most  h 
position.  If  no  change  of  lead  or  brush  position  can 
which  will  eliminate  the  trouble,  the  width  of  the  bms! 
changed.  The  wider  the  brush  the  longer  does  the  coil  in 
circuit,  as  described.  Conversely  the  narrower  the  bra 
quicker  must  the  current  be  reversed.  There  h  "' 
width  of  brush  which  best  satisfies  both  conditions. 

Usually,  however,  where  glowing  occurs,  the  cause  is  U 
brush,  and  often  serious  trouble  from  this  cause  can  be 
eliminated  by  varying  tlic  width  of  (lie  brush  perhaps 

72.  Sparking  Due  to  Rough  Commutator.— First,  the  < 
tor  surface  may  not  be  perfectly  smooth  after  receiving  it* 
off.  The  work  may  have  been  poorly  done  by  the  man 
with  the  result  that  the  commutator  surface,  instead  of 
smooth,  is  somewhat  rough.  The  result  of  this,  espec 
high-speed  commutators,  is  that  the  brush  does  not  n 
class  contact  with  the  commutator  surface.  It  may  chi_ 
attending  noise,  and  thus  with  many  motors  (especial^ 
high  voltage)  the  operation  will  be  attended  with  sparkli 
result,  the  commutator  surface,  instead  of  becoming  bt 
smooth  with  limp.  In-comps  rough  and  dull  or  raw  in  a) 
Under  these  conditions  the  brushes  do  not  make  goM 
,  the  heat  generated  even  under  proper  r 
ing  to  the  resistance  of  brush  contact,  i_ 
ITith  consequent  increase  oi  temperature  0 
"dition,  the  friction  of  brush  contact  (wfr 

is.  with  a  rough  commut« 

be,  which  tends  to  increase  the  temperature 

g  of  commutator   IWeslingkouse    Instruitu** 

■■■   of   the   following  causes:   (ft) 

1  )  too  high  brush  pressun 

Ail  ftfia  Uee  stowed 
that,  finally  tie  wmv*™*-'0** ' 
in  the  coinmuxavoi  "*^  to>*V 
uiting   the   Mjindinft-     ^   9"' 
'  Lg,  but  -wheie  it.  « 'B'™a 
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-.    .  -       -..---      .-     :..  r.  ;.:*-- ::i*.  induced  in  the  wron 

■    -  -  -   :  ..-.:jt  ::it  t^ss^re  of  the  armati 

- .    ■      -  . :  ;  :t.  ~  sr^rking  and  glowing  o 

-  ■     -..     .:  £.  =1  :•::•!  the  brushes  are  pulle 

-  -  ■  -.  -•  r-  -...-i   s.:-  thit  the  coil  short-c 
-.--.      ■*:-:::  :~  t-r?  :«r  £ux  from  the  pole-t 

■  :  ~      ■*  *■    ■"--_  ■■"  r^rreut  during  the  time  Ui 

.    .  ■  .    -    .■      :-.-:.      :■-.:*  £.-;.*  :er.t  poles  are  opp 

-:..:■  —  if  th-  r-rcoer  3ux  direction 

-..--.        ":    .   -       •       .?  ~—  iy?  the  pole  behind  the  br 

--*-:..-:--  :-:«.— *ri  >ii     In  a  generator 

:-.->:   .:  ::t  Lnrzzic-a  cf  rotation.    Hei 

-  r    .-■-..::  :r:~  rlr-ipinc  and  pitting,  tl 

•--...  -i  .  .—:■-:    *si  ihe  remedy  is,  firs' 

:.: :  :  "_?■-  ts  :  r_r.rs  :ben  in  the  most  sati 

".     -      .■.":::.*-£  :r  rrush  position  cant 

..--":"*  f  :~:  -':  -f    lie  -sridth  of  the  brush 

..-:*;:  *-?:.  :_f  Lrurer  does  the  coil  suff 

.  -.     .     ..?..-.-.-.■■       >    :.   -:rs=ly  the  narrower  the  br 

..   .^.-         -:  ..—;?:    :■;    rtversed.     There  is,  thei 

.  • .  >■      -.-..-:  >..:  ~f?s  "r-::h  conditions. 
".  -. .         * .         :*       -:--:•;;-  .r_i:  recurs,  the  cause  is  to 
:    .  >■     .        ...     >-.-..  >  ::.  _: '.-   :r^~  this  cause  can  be 

.-    ■;  :~-.      ".:.:""  ::  the  brush  perhaps o 

- : .     $■;*:  slu^s  r>u  *  : :  K. ruzu  C  c^mutator. — First,  the  a 

:.:  >..:  .  ..  — ..     --.:.;  -.■::":"  y  szn:-:th  after  receiving  its 

".  ■  .*     .  •  n   -  .        ..   c  :  :■:  -  7-:«:rIy  done  by  the  manu 

\«  .:•.  :v  :;•>..:  .        :-■:  ;.  :v.7JL_:^::r  surface,  instead  of  b 

•>■.. v:.-.     >  >.»■•*;     '..:  :;. ..;■-..     ihe  result  ox  this,  especia 

.■.'".  >.*o.v.  »."."......:.  r?    .>  :h:.t  the  brush  does  not  ma 

*...*"  .v ■;;... :         .  :  \c  ;;:v."".*...:«t:r  surface.     It  may  chat 

.■...c.*.»i  ".^    ■..-.*  :  *  ..>      .:h  r.iAr.y  motors  (especially 

.  ■•.  \o'...'.ic    ■./.;•  .v.:.".::.*:*.  ■.".".  be  rittended  with  sparkin 

•.»•■». .'.:.   .'■*..*  ./".-.....:.:  ?..7::.*o.  instead  of  becoming  br 

v.vo-.h  «.."■*.  :.  •*..*   ':..*/•".;•-  r  .:-h  and  dull  or  raw  in  apt. 
I  •.'.xU".    '.":vnv«  ..**•..".. ■.-.»::>  ::*.e  V rushes  do  not  make  good 
,\\\s\,  \w.\ss\   :he  he:   ^c-.iT.::^.:  even  under  proper  corr 
^»:'.%»i •.%»:>.  o\\  ■.:*.;;  ;.■»  :he  r<>is:..r.,:e  of  brush  contact,  is  m 
Mwi.il  urncs.  w  •.;:•.  cense.  y.:e:*t  increase  oi  temperature  of 
iiiui.iUM '.     \\\  ac.oh'.ion.  :he  :ric::on  cf  brush  contact  (whic 
l-.iNv'  .i  *  oom-.v  ion:  o:  e. :    is.  with  a  rough  commutator,  muc 
ch.m  ii  should  bo.  which  :eiuis  to  increase  the  temperature 
7.1.     Heating  of  commutator  K\Vc$i:nghouse   Instruction 
im.in    doxolop   iro:«\   .my   vU   the   following  causes:    (a)   0 
^l>>  vpaikiiu;  at  the  brushes:  i.c^  too  high  brush  pressure; 
t»t  hiiu'ii'.iiiiMi  on  comnuitator. 

74.  Hot  Commutator. --All  this  (see  above)  trouble  i 
'..ui\r.  The  result  is  that  finally  the  temperature  will  1 
pi»iiii  wlioiv  the  solder  in  the  commutator  will  melt,  perha] 
liiiuitiu^  \»r  open -circuiting  the  \?\ndikii%.  ^  coxwcroaAa 
t.tuutl  very  slight  sparking,  but  \v\ieie,  \1  \&  no\T\ceafcta.  * 
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tinued  for  long  periods  of  lime,  trouble  is  liable  to  result, 
he  load  is  usually  very  light  on  a  motor,  and  where  full- 
>verload  arc  infrequent,  a  immithing  of  the  commutator 
g  the  light-load  period  which  averts  trouble.  This 
l  that  certain  railway  motors,  which  sometimes  show 
5  under  their  normal  hour  rating  load,  give  satisfaction  as 
.utation.  The  coasting  of  the  car  smooths  up  the  imper- 
lamiijie  done  by  the  >parkiriL:  ilurini;  lSiu  heavy  load, 
Dose  Commutator  Segments. — A  further  and  more  serious 
f  sparking  and  commutator  trouble  is  due  to  the  fact  that 
'  '  s  "settled"  when  shipped  by  the  raanu- 
s  made  of  many  parts  (Fig.  39),  insu- 


Ccmnnitstor 


one  from  another,  and  all  bound  together  by  mechanical 
ping  arrangements.  The  segments  themselves  are  held  by  a 
p-ring  on  each  end,  which  must  be  insulated  from  them  and 
fl  should  hold  each  segment  individually  from  any  movement 
ive  to  another. 

ice  the  clamp  mus!  t.oucii  anil  !;■■!■[  ■  I . •  ■■'.- 1  ■  ;:H  seL-menls,  a  failure 
3  so  in  any  case  results  in  a  loose  bar,  which  moves  relatively 
le  next  bar  and  causes  roughness  and  thus  sparking,  with  all 
ttendant  accumulative  troubles.  The  roughness  of  commu- 
rs  due  to  poor  turning  or  to  poor  design  is  shown  uniformly 

all  the  surface  of  the  commutator  on  which  brushes  rest, 
mghncss  due  to  a  high  or  loose  bar  is  shown  by  local  trouble 
'  the  bad  bar  and  its  corresponding  bars  around  the  commu- 
1.  The  jump  of  the  brush  occurs  at  the  high  bar  and  is  the 
se  of  the  sparking.  See  also  Purs.  77  and  78. 
5.  Blackening  of  the  Commutator. — Sparking  due  to  a  loose 
ligh  bar  causes  a  local  Ml.  I;eninur  instead  of  a  uniform  black- 
ig,  which  occurs  in  case  of  poor  design  or  poor  commutator 
ace  resulting  from  poor  turning.  Also,  if  the  speed  of  the 
imutator  is  low  enough,  there  will  be  a  spark  at  the  lime  the 

segment  passes  the  brush.  At  ordinary  speeds,  or  where 
'e  are  several  loose  bars,  ihc  -parkin::  in  appearance  will  n 
different  from  that  due  to  poor  design  or  poor  turning. 
1  a  case  an  examinalion  of  the  commulalor  surface  must  be 
le  to  identify  the  cause. 
:  must  he  remembered  that  the  slightest  movement  ol  a.\»x, 
dally   with    the  higher   voltage    and   higiM'.' 
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nes,  may  cause  the  trouble.     A  splendidly  designed  mouth 


may  show  very  [i»ur  opi/ral  inn,  due  to  a  commutator  fault. 

77,  Correcting   Commutator  Roughness. — The  proper  1 
correct  a  rough  surface  due  to  poor  turning  is  to  grind  (he  surtai 
with  a  piece  of  ordinary  grindstone  (Fig.  40).     It  should  be  — 

-'—  and  held  by  the  hand  against  the  commute 

If  possible  it  should   be   rounded  1 
out  to  the  shape  of  the  commutator,  I 
though  the  rounding  is  not  abso.  I 
lutely  necessary  except  when  lbe 
surface  is  exceedingly  irregular.  A  I 
commutator  can  be  ground  on  low- 1 
voltage  machines  without   rcmov-  I 
jng  the  brushes  from  the  conimu-  I 
tator    and    during    the    ordinary  j 
operation  of  the  motor  underload. 
When    sparking    is    due   to  poor 
"  40'^iih0K°riud«oiio™mUtat0r     turning,  grinding  causes  the  spirt- 
ing to  entirely  disappear.     This  is) 
also  a  good  method  of  divining  1  lit'  surface  of  brushes  which  hart 
become  coaled  with  copper  from  the  use  of  sandpaper  in  fitting 
them  to  the  commutator  surface. 

Some  kinds  of  sandpaper,  if  used  lo  give  a  brush  surface  or  10 
smooth  a  commutator  wilh  the  brushes  down,  imbed  in  the  face 
of  the  brush  hard  material  which  slicks  there,  cutting  the  commu- 
tator and  thus  collecting  about  itself  copper  from  the  commit 
tator.  An  examination  of  the  face  of  the  brush  after  running  t 
lime  will  show  these  collections  either  iu  spots  or  all  over  the  face 
of  the  brush.  The  sandstone,  used  as  suggested,  removes  all  this. 
Where  roughness  and  sparking  are  due  to  a  loose  bar,  grinding 
will  do  no  particular  good.  Then  it  different  process  for  correc- 
tion must  be  used.  It  consists  first  in  tightening  the  clamp-rings 
which  hold  down  the  segments  so  that  they  touch  and  hold,  each 
one  preventing  any  relative  movement  of  the  bars.  Afler  this  is 
done,  produce  a  ,-moolh  surface  by  turning,  if  the  bar  is  much 
displaced,  or  by  grinding  if  it  is  but  slightly  displaced.  The  proc- 
ess of  corroding  ■■■  l'»>st'  c.-immulatur  ihrrcfore  is  as  follows: 

78.  Loose  Commutator.  Clamp-rings. — First,  draw  the  clamps 
of  the  commutator  down  firm,  so  that  when  (he  commutator  is 
at  normal  temperature  the  clamping  rings  cannot  be  screwed  down 
further  without  excessive  effort.  This  is  necessary  so  thut  all  the 
bars  may  have  a  direct  pressure  from  the  clamp,  rendering  any 
movement,  up  or  down,  impossible.  Second,  afler  having  drawn 
the  clamps  down,  smooth  off  the  surface  of  the  commutator. 

To  get  the  clamps  down  firm  run  the  motor;  if  roughness  appears, 
shut  down  at  a  convenient  time,  and,  while  hot,  lighten  the  clamp- 
ing rings.  If  it  is  found  thai  the  tightening  bolts  can  be  screwed 
up  somewhat,  Ihe  machine  should  again  be  put  in  service  for  St 
least  4  hr.,  at  the  end  of  which  time  shut  it  down  again  and  irmke 
another  trial  on  Ihe  lightening  bolts.  If,  now,  no  more  c 
'  '  1  up  00  the  lightening  bolts,  the  commulatot  sWAi^ 
either  by  turning  with  a  tool  or  by  urimim?,.    11  tie* -v 


least 
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-re    down   tight   and   the  surface  of   the  commutator   has  been 
troperly  smoothed,  there  will  be  no  further  trouble. 

79.  The  Slotting  of  Commutators  (Alan  Bunnell,  American 
.-tiirJiinhl,  Sept.  26,  1012). — There  seems  to  be  a  prevalent  idea 
hat  slotting  should  cure  all  commutator  troubles,  irrespective  of 
lieir  causes.  This  is  not  true,  but  slotting  is  a  cure  for  certain 
yecific  troubles.  Where  the  peripheral  speed  of  the  commutator 
s  so  slow  that  the  dirt  which  may  collect  in  the  slut.-;  between  com- 
mutator bars  will  not  be  thrown  out  by  centrifugal  force,  slotting 
way  aggravate  rather  than  correct  onnmut:i!iini  difficulties.  See 
Uso  84. 

80.  The  principal  reason  for  slotting  commutators  is  to  relieve 
ie  commutators  of  high  mica,  that  Is,  mica  that  projects  above 
.lie  surface.  High  mica  is  generally  due  to  one  of  two  causes: 
Sither  the  mica  is  loo  hard  and  does  not  wear  down  at  an  equal 
■ate  with  the  copper,  or  the  commutator  docs  not  hold  the  mica 
iecurely  between  the  segments,  allowing  it  to  work  out  by  the 
wmbined  action  of  centrifugal  force  and  the  heating  and  cooling 
af  the  commutator. 

It  is  evident  that  a  commutator  with  a  surface  made  irregular 
ny  projecting  mica  rotating  at  high  speed  under  a  brush,  must 
.mpart  to  the  brush  a  vibratory  action,  and  thus  impair  the  close 
rontact  that  should  esist  between  the  brush  and  commutator. 
The  result  is  that  sparking  takes  place  more  or  less  violently, 
depending  on  the  condition  of  the  commutator  surface  and  the 

This  condition  generally  manifests  itself  after  the  machine  has 
been  running  for  some  time,  and  in  many  cases  will  account  foe 
the  development  oi  sparking  .'.hick  did  not  occur  at  the  time  of 
installation.  Often  a  case  of  this  kind  is  aggravated  by  increasing 
the  brush  tension,  causing  a  still  faster  rate  of  wear  of  copper  over 
mica,  with  an  attendant  increased  healing  of  the  commutator. 

81.  What  is  Accomplished  by  Slotting.— A  harder  brush  may 
at  times  be  used,  with  the  idea  of  grinding  off  the  mica  and  thus 
bringing  it  down  to  the  commutator  surface.  Instead  of  curing 
the  trouble,  the  mm  runt;  t  - .  t  ■::\'.\.  :-i  1  >.  ,  m  j.  ;ii  v  ni  ■. :  ■  rs.  ;i-i.inn' 
the  raw  appearance  of  being  freshly  sandpapered,  instead  of  the 
glossy  surface  it  should  have,  and  both  brush  and 
will  wear  rapidly. 

This  condition  can  he  restored  to  normal  and  the 
kept  to  a  true  surface  by  slotting,  after  which,  with  proper 
and  the  use  of  proper  brushes,  rommutnlor  troubles  will  generally 
cease,  provided  the  electrical  design  of  the.  machine  is  not  at  fault. 
Even  then  there  are  cases  that  may  be  benefited  to  a  certain  ex- 
tent by  slotting,  by  reason  of  the  good  brush  contact  obtained, 
The  majority  of  cases  thai  show  improvement  are  ihe  ones  in 
which  the  trouble  is  not  inherent  in  the  design  of  the  machine, 
but  is  due  to  mechanical  causes. 

With  a  slotted  commutator  it  is  possible  to  use  a  brush  of  fine 
grain  and  soft  texture,  inasmuch  as  there  is  not  \lic  swsft  \ttv- 
dency  to  wear  away  the  brush  as  with  an  unslulAeA  tomm\i\.a.Va* 
'  r  will  then  take  on  the  much-desirei  poV\sV  \Va.t' 
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Eenerally  not  possible  with  the  harder  brush.  The  life  of  both 
rush  and  commutator  will  be  increased,  and  friction  and  the 
consequent  healing  will  be  reduced.  These  advantages  will  effect 
a  saving  that  will  more  than  offset  the  cost  of  slotting. 

82.  Various  Methods  of  Slotting.— There  is  a  variety  of  slotting 
devices  on  the  market.  Some  are  designed  to  operate  with  the 
armature  swung  between  the  centers  of  a  lathe;  others  use  a  special 
tool  in  a  shaper,  with  the  armature  secured  to  its  bed.  Still  other) 
are  used  by  hand  with  the  armature  resting  on  blocks.  In  all 
cases  the  full  width  of  the  mica  should  be  removed,  and  the  re- 
sulting slot  carefully  cleaned  from  burrs  and  rough  edges.  It  is 
not  necessary  that  the  slutting  be  carried  deeply  in  the  com- 
mutator. One- sixteenth  of  an  inch  is  generally  considered  suffi- 
cient.    See  also  Par.  84. 

83.  A  slotted  commutator  should  have  proper  and  frequent 
care,  as  there  is  a  chance  of  small  particles  of  copper  being  dragged 
across  from  bar  to  bar,  and  for  dirt,  oil  and  carbon  dust  to  accu- 
mulate in  the  slots  and  short-circuit  the  commutator. 

84.  High  Mica  in  Commutators. — Some  motors,  under  certain 
conditions,  roughen  up  their  commutators  after  a  short  term  of 
service,  although  there  seems  to  be  no  excessive  sparking  under 
or  at  the  edges  of  the  brushes.  This  may  occur  even  though  the 
commutator  has  been  well  "settled."  The  commutator  acts  as 
if  the  mica  used  between  bars  to  insulate  the  various  segment), 

from  another,  had  protruded  upward,  causing  roughness  at  ' 
issive  sparking. 

Actual  raising  of  the  mica  is  a  very  rare  occurrence,  and,  if 
occurs,  does  so  at  certain  spots  and  is  easily  and  positively  identi- 
fied. An  actual  uniform  protruding  of  mica,  all  over  a  commu- 
tator, as  described,  is  praclkally  an  '.inkrvuvsi  phenomenon.  What 
actually  does  occur  is  an  eating  away  of  the  copper  surface  of  the 
commutator,  leaving  the  high  mica  between  the  bars.  A  good 
machine  will  not  spark  enough  to  cause  this  condition.  A  poor 
machine  will. 

The  phenomenon  is  easily  identified,  as  the  commutator  surface 
looks  raw  all  over  instead  of  smooth  and  bright  with  a  good  brown 
gloss.  If  allowed  to  continue,  a  gcm-ral  roughness  appears,  accom- 
panied by  sparking,  until  finally  the  sparking  and  heating  wiE 
increase  so  much  that  the  machine  may  flash  over  from  brush  to 
brush,  blowing  the  fuses  or  opening  the  circuit -breakers.  Tht 
trouble  is  aggravated  if  the  motor  operates  continuously  under 
heavy  load.  If  there  are  periods  of  light  load,  the  comrm 
has  an  opportunity  to  be  smoothed  down  by  the  brushes, 
condition  is  appreciated  by  railway  motor  designers.  A  railway 
motor  coasts  a  considerable  portion  of  the  time.  Thus  thf 
commutator  is  smoothed,  neutralizing  the  roughening  occurring 
under  load. 

To  remedy  a  roughened,  high-mica  commutator:  (i)  Use 
ork  where   the  load  is  somewhat   intermittent;   (2)    repla 

'   jetAer;  or  (3)  slot  the  commutator.    Thtit,  as  there  ai 

r  two  different  materials  to  wear  down  01  to  Vic  vtora 

,  an  unequal  surface  will  nut  TewiVi.    "TY±e  nai 
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be    cut    down  only  jV™-  and   a  narrow,  sharp  chisel  will  do  the 
work   satisfactorily.     No   trouble  will  result  from  short-circuit  ii 
in   this  case,  since  centrifugal   lorn:  keeps  the  slots  clean.     Soi 
manufacturer?  ship  miichines  with  slotted  commutators. 

85.  Brush  Troubles.— When  there  is  an  excessive  drop  : 
fr6m  no-load  to  full-load,  the  position  of  the  brushes  on  t 
mutator    should    first   be   investigated    as   elsewhere    suggest) 
"No   brush  position  iliat  causes  shirking  should  be  chosen.     The 
following  paragraphs  outline  the  more  important  brush  troubles 
and  their  remedies. 

86.  Sparking  of  the  brushes  may  be  due  to  one  of  the  follow. 
ing  causes  {Westmghouse  Instruction.  Buok).  (See  also  Dynamo- 
defects  Table.)  (a)  The  machine  may  be  overloaded;  (b)  the 
brushes  may  not  be  set  exactly  at  the  point  of  commutation — a 
position  can  always  be  found  where  there  is  no  perceptible  spark- 
ing, and  at  this  point  the  brushes  should  be  set  and  secured;  (c) 
the  brushes  may  be  wedged  in  the  holders;  (d)  the  brushes  may 
not  be  fitted  to  the  circumference  of  the  commutator;  (e)  the 
brushes  may  not  bear  on  the  commutator  with  sufficient  pressure; 
(f)  the  brushes  may  be  burnt  on  the  ends;  (g)  the  commutator 
may  be  rough;  if  so,  it  should  be  smoothed  off;  (h)  a  commutator 
bar  may  be  loose  or  may  project  above  the  others;  (i)  the  com- 
mutator may  be  dirty,  oily  or  worn  out;  (j)  the  carbon  in  the 
brushes  may  be  unsuitable;  (k)  the  brushes  may  not  be  equally 
spaced  around  the  periphery  of  the  commutator;  (1)  some  brushes 
may  have  e.ttra  pressure  and  may  be  taking  more  than  their  share 
of  the  current;  (m)  high  mica;  (n)  vibration  of  the  brushes. 

These  are  the  more  common  causes,  but  sparking  may  be  due 
to  an  open  circuit  or  loose  connection  in  the  armature.  This 
trouble  Is  indicated  by  a  bright  spark  which  appears  to  pass  com- 
pletely around  the  commutator,  and  may  be  recognized  by  the 
scarring  of  the  commutator  at  the  point  of  open  circuit.  If  a 
lead  from  the  armature  winding  to  the  commutator  becomes 
loose  or  broken  it  will  draw  a  bright  spark  as  the  break  passes  the 
brush  position.  This  trouble  can  be  readily  located,  as  the  insu- 
lation on  each  side  of  the  disconnected  bar  will  be  more  or  less 
pitted.  The  commutator  should  run  smoothly  and  true,  with  a 
dark,  glossy  surface. 

87.  Glowing  and  Pitting  of  Carbon  Brushes. — This  may  he  due 
to  either  of  two  causes,  poor  design  or  a  wrong  position  of  the 
brushes  on  the  commutator.  The  error  of  design  may  be  only  in 
the  choice  of  width  of  carbon  brush  used.  The  pitting  is  due  to 
glowing.  If  the  glowing  is  at  the  edge  of  the  carbon  it  is  plainly 
visible  and  easily  located.  It  may,  however,  occur  underneath 
the  carbon  so  that  only  with  difficulty  can  it  be  seen.  Such  glow- 
ing pits  the  carbon  face  by  heat  disintegration.  With  some 
machines  three-fourths  of  the  brush  face  may  be  eaten  away  and 
the  pits  may  he,  perhaps,  J  in.  to  1  in.  deep  when  discovered. 
A  usual  (incorrect)  decision  is  that  the  current  per  sq.  in.  of 
contact  is  too  great,  the  calculation  being  made  by  4W\ivci?,vVt 
Hue  amp.  by  fJtc  sq.   in.  cross-section  of  either  the   positive   ot  W 

negative  brushes.     If  this  calculation  gives  a  value   un&fci  ^e,  w 
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50,  it  is  certain  that  the  cause  of  the  trouble  has  not  been 
correctly. 

The  real  cause  of  the  glowing  is,  to  be  sure,  excessive  c 
through  the  carbon,  but  this  is  not  the  line  current  if  the  calculi  . 
tion,  as  stated,  shows  a  brush-face  density  below  50  amp.  per  square  t 
inch.  It  is  a  local  current  caused  by  the  short -circuiting  of  two*K  J 
more  segments  of  the  commutator  by  the  brush  resting  upon  them.  * 
The  usual  overlap  of  a  carbon  brush  is  about  two  segments,  uti  * 
while  these  two  segments  are  under  the  brush,  the  armature  col  T' 
connected  to  tin  111  ;irc  slH>r;-c.iraiili.d.  If  the  eloign  of  the  macMni  .7 
is  such  that  the  coil  -0  sli»rt-circuilcd  encloses  stray  flux  from  the  ^ 
pole-tip,  this  flux  will  create  in  the  short-circuited  coil  a  current,  "'J 
perhaps  many  times  larger  than  the  brush  is  capable  of  canynt  ",. 
with  the  result  thai  the  glowing  anil  pitting  occurs. 

88.    Chattering  of  brushes  is  sometimes  experienced  on  direct- 
current  machines.     Chattering  under  certain  conditions  may  b»    ' ' 
come  so  prominent  as  to  not  only  be  of   annoyance,  but  as  to 
actually  break  the  carbons.    An  examination  of  the  commutator    , 
will   reveal    no    roughness,    the   surface    being,    perhaps,     perfect!/    j_ 
smooth  and  bright.     This  trouble  occurs  principally  with  the  typt    ' 
of  brush  holder  which  has  a  box  guide  for  the  carbon.     The  spring 
which  forces  the  brush  into  contact  rests  on  top  of  the  carboo 
which  has  fairly  free  play  in  the  box  guide.     Chattering 


_ 


(Brush  Angle  faaHrearJ     (Hvan/rq  in  Mr  Wong  Diivfoi) 
Correct  Incorrect  Sitings- 

Pic.  41.— Methods  of  setting  brushes. 

Such  brush  holders  arc  necessary  on  commutators  which,  like 
those  on  engine-driven  machines,  may  runout  of  true  on  account  ol 
the  shaft  play  in  the  bearings  rau-nl  by  I  he  reciprocating  motion 
of  the  engine.  The  clamped  type  of  holder  if  usually  free  from 
bad  chattering  but  rocks  on  a  commutator  that  runs  out,  causing 
poor  contact  and  perhaps  sparking. 

Lubricating  the  commutator  causes  the  chattering  to  immediately 
disappear,  but  there  is  no  commutator  compound  which  gives  a 
lubricating  effect  lasting  over  possibly  a  half  hour.  Thus  it  is 
not  practical  to  lubriialc  ofttii  f-nnufh  to  |ircveiil.  tin1  chatleri 
There  will  be  no  chattering  iS  the  ang\e  of  tbe  brush  with 
radial  Hue,  passing  through  the  center  oi  tie  taibot\  a.o.4  "Ate 


triiiB 
h  the 
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of  the  commutator,  is  less  than  10  deg.  anil  if  the  caibon  trails 
on  the  commutator  instead  of  leads.  Fig.  4r,  /,  shows  the  setting 
nhich  will  stop  all  serious  chattering  and  Fig.  41,//  and  III,  show 
lettings  which  may  give  trouble. 

8g.  Low  Speed.— The  fault  may  be  in  the  winding  of  the  arma- 
ure  or  field,  in  which  case  a  remedy  is  a  serious  matter.  On  the 
ther  hand,  considerable  range  of  speed  can  be  obtained  by  the 
ioice  of  brush  position  on  the  commutator.  Many  motors  will 
la  without  sparking  with  a  range  or  brush  shift  on  the  commu- 
itor  giving  a  range  of  speed  of  15  per  cent.  Therefore,  if  the 
iscrepancy  of  speed  is  within  this  amount,  the  brushes  should  be 
loved  to  counteract  it.  A  backward  shift  of  brush  gives  increased 
>eed  and  a  forward  shift  decreased  speed.  At  any  brush  posi- 
on,   however,  there  must  be  practically   no  sparking.     Sparking 

a  very  serious  matter,  causing  all  sorts  of  trouble.  A  first-class 
iotor  should  run  at  full-load  within  4  per  cent,  (up  or  down)  of 
le  name-plate  speed  if  the  voltage  is  as  specified  on  the  name- 
late.  The  speed  at  no-load  should  not  be  more  than  5  per  cent, 
igher  than  this,  also  the  speed  at  full-load,  hot,  should  not  be  over 

per  cent,  greater  than  the  speed  at  full-load,  cold. 

90.  Bearing  Troubles  of  Direct-current  Motors  and  Genera- 
jts, — See  paragraphs  under  this  same  heading  under  "  Troubles 
(  Alternating-current  Motors  and  Generators." 

PRINCIPLES,  CHARACTERISTICS  AND  MANAGEMENT 

OF  ALTERNATING-CURRENT  MOTORS 

AND  GENERATORS 


aSt&m 


zommercial  alternating-current  generators  usually  are  arranged 
is  suggested  diagrammatii  ally  in  Fig.  4:.  Electromagnets,  excited 
iy  a  small  direct-current  generator  or  exciter,  are  mounXsA  oo.  a. 
vheel-like  structure  which  revolves  within  a  circular  Sta.\ABrciax«j 
■ante  in  the  inner  surface  of  which  are  armature  coiia.    'v^  it 
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volving  part  is  the  revolving  field;  the  stationary  part  is  the  ai 


The  direct  current 

gs.     Armature  coils  ar 

icr  circumference  of  the 

;  induced 

magnets  cutting  the 


o  the  field  coils  through  colled 
i  practice,  arranged  in  slots  ii  * 
lature  structure.  Alternating  e. 
;  by  the  lines  of  force  from  the  6 
e  coils.  The  alternating  voltage  c 
be  varied,  within  limits,  by  adjusting  the  field  rheostats. 

gi.  There  areseseral  types  of  alternators  or  alternating-current 
generators.    They  are:  (0  Revolving  armature  alternators  where- 
in the  armature  revolves  and  the  field  magnets  arc  stationary; 
(a)  revolving  field  alternators,  wherein  the  field  magnets  revolw   I 
and  the  armature  is  stationary;  (.5)  inductor  alternators,'" — ' 
both  field  magnets  and  armature  are  stationary  and  iro 
revolve  between  the   armature  core  and  the  field-magnet  polo,    k 
Modern  alternators  are  practically  all  of  the  revolving  field  typt   ■■- 
because  the  stationary  armature  offers  better  opportunity  for  to-    ' 
sulation  and  a  high  voltage  is  not  necessary  on  the  collector  rinp.   • 

93.  The  electromotive  force  in  an  alternator  is  generated  u 
suggested  in  Fig.  43.  As  each  field  coil,  D  lor  instance,  sweep* 
past  the  armature  toil?  I  lit;  lines  of  force  from  the  field  Coil  cut 
the  armature  coils.  As  coil  D  passes  from  A  to  C  an  alternating, 
e.m.f.  represented  by  the  curve-  ABC  will  be  generated  in  the  ar- 
mature. It  should  be  understood  that  in  commercial  alternators 
the  armature  coils  arc  set  in  slot?  and  diflerently  arranged  tl 
Fig.  43,  which  only  illustrates  a  principle. 


F/tld Spiel,,    J  I  Direction!* 


94.  The  speed  and  number  of  poles  of  an  alternator  0 
alternating-current  motor  determine  its  frequency  and  vice  vi 
(See  Table  97.) 

Wherein  /=/reciuency   in    cvcles  per  aectn\4, |i.V-°-'*TO 
!>«-  minute  o(  rotor  and  p  =  the  number  at  fae\&  v*«- 
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Example. — What  is  the  frequency  of  a  two-pole  alternator  running  a 
3,600  r.p.m.  ? 

Solution. — Substitute  in  the  formula: 

,        P  X  r.p.m.      2  X  3.600      7.200       ,  ,  . 

/  —  — — -■  - —  60  cycles  per  second. 

*  120  120  120 

Example. — How  many  poles  has  a  25-cycle  alternator  running  at  50 

r.p  jn.  ? 

Solution. — Substitute  in  the  formula: 

■   I2°f  —  120  X  25 
r.p.m.  500 


3.000 


500 


6  poles. 


95.  Single-phase  Alternators. — The  circumferential  distanc 
from  the  center  line  of  one  pole  to  the  center  line  of  the  next  pol 
of  the  same  polarity  constitutes  360  magnetic  degrees.  See  Fij 
43,  which  shows  how  a  single-phase  e.m.f.  is  generated.  Fig.  4 
b  a  diagrammatic  illustration  of  a  single-phase  alternator  and  Fij 
44  shows,  diagrammatically,  two  different  kinds  of  single-phas 
windings.     Single-phase  alternators  are  seldom  made  now.    Th 


Armature 
"-Field"' 

Spicier  Arms 


One  Slot  p.er  Pole  Two  Slots  per  Pole. 

Pig.  44. — Single-phase  armature  windings. 

^Manufacturers   furnish   three-phase   machines   instead   and   giv 

them  a  single-phase  rating  equal  to  about  70  per  cent,  of  the  thret 

Phase  rating.    The  single-phase  load  is  .carried  on  any  two  < 

fie  three  leads  of  the  three-phase  generator.     See  "Three-phas 

Alternator." 
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96.    Approximate  Performance 
220,  440,  600,  1,100,  2,200  1 

It  should  be  understood  that  values  will  vary  somev 
mate  only  and  do  not  apply  to  any  particular  manufacti 

A  slow-speed  machine  is  assumed  to  be  one  turning  at 
200  r.p.m.  to  300  r.p.m.,  and  a  high-speed  machine,  on 
slow  speed;  "M"  medium  speed,  and  "H"  high  speed. 


Current 

Kva 
output 

Three-phase                                      T 

240 
volts 

480 
volts 

600 

volts 

1,200  1  2,200 
volts  1  volts 

2,4O0   I      2i 

volts  !  vo 

SO 

S 
M 
H 

S 
M 
H 

S" 

M 

H 

S 
M 
H 

S 
M 
H 

S 
M 
H 

S 
M 
H 

S 
M 
H 

S 
M 
H 

S 
M 
H 

S 

M 
H 

S" 

M 

H 

S 
M 
H 

"S 
M 
H 

S 
M 

H   ) 

120.3 
180.4 
240.6 

60.1 

48.0 

24.0 

13.2 

12.0 

10 

75 

90.2 

72.2 

36.1 

19.7 

18.0 

15 

100 

120.3 

96.2 

48.1 

26.3 

24. 1 

20 

12s 

301.0 

150.0 

120.0 

60.1 

32.8 

30.1 

26 

ISO 

360.8 

180.4 

144.3 

72.2 

39.4 

36.1 

31 

200 

481. 1 
7230 
962.0 

241.6 

192.4 

96.2 

52.5 

48.1 

41 

300 

362.0 

289.O 

145.0 

79.2 

72.0 

62 

400 

481.0 

385.0 

192.0 

105.0 

96.2 

83 

Soo 

1203.0 

602.0 

48I.O 

241.0 

132.0 

120.0 

104 

600 

1450.0 

722.0 

578.0 

289.0 

158.0 

I44.O 

125 

700 

1690.0 

841.0 

673.0 
773.0 

337.0 

184.0 

168.0 

I46> 

800 

1930.0 

977.0 

387.0 

211. 0 

193.0 

1671 

1,000 

2406.0     1203.0 

962.0 

481.0 

263.0 

241.0 

208, 

1,250 

3000.0 

1500.0 

1200.0 

600.0 

328.0 

300.0 

260i 

1.500 

3640 . 0 

1804.0 

1443.0 

722.0 

394.0 

36l.O 

313' 

1 

2,000 

1  1 

5  / 
M  / 

4850.01   2420.0 

1924.01  962. o\  $26.oWVi..< 

w 
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of  Alternating-current  Generators 

volts.    Two-phase  and  three-phase. 

speed  and  other  conditions. .  Those  given  are  general  and  apprc 

r.p.m.  to  2co  r.p.m.;  a  medium-speed  machine,  one  turning  at  fr 
at  from  300  r.p.m.  to  1,200  r.p.m.    In  the  table,  "S"  indica 


Current 


Two-phase 


600 

volts 


1,206 

volts 


2,200 

volts 


2,400 

volts 


417 


62.5 


83.3 


104. 

O 

125. 

O 

166. 

7 

250 

0 

333 

0 

417 

0 

20.8 


31.3 


41-7 


52. 1 


62.5 


833 


125.0 


167.0 


208.0 


500.O     !    250.O 


I 


583.O 


667.O 
8330 


292.0 


3330 


IO40.O 


1250.0 


417.0 


520.0 


11. 3 


17 

2 

22 

8 

28 

4 

34 

I 

45 

5 

68.1 


91.0 


113. o        104.0 


10.4 


15.6 


20.8 


26.1 


31.3 


41.7 


63.0 

83.3 


136.0     i  125.0 


159-0     '•    146.0 


1850 
228.0 


384.0 


167.0 
208.0 
260.0 


625.0  /  341.0     I  313 .0 


1667.0       833.0  I  455.0        417.0 


type  machines— emtienc'ei  do  not  include  irvcWon  <* 
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58.  Two-phase  Alternator. — In  a  generator  of  the  type 
dicated  in  Fig.  45  the  centers  of  the  two  component  coils  /  and  II 
are  situated  go  deg.  apart  and  the  single-phase  electromotive 
forces  generated  in  coils  /  and  //  by  the  passage  of  the  field  sys- 
tem, past  them,  differ  in  phase  by  go  deg.  This  property  has 
"0  the  term  nuarler-phasc  f'>r  thi-  lyric  of  machine,  bi  " 


107 


frequently  called  a 


a-phase  machine.  The  electro- 
motive force  in  coil  J  is  Bero 
when  that  in  coil  II  is  a  maxi- 

curves  of  electromotive  force  in 
coils  J  and  II  may  be  plotted 
as  indicated  in  Fig.  46.  Fig.  47 
shows  two  methods  of  connecting 


the  armature  windings  of  two-phas 
coils  can  be  arranged  in  one  or  more 
cally  suggested  in  Fig.  48.  In  commercial  machines  the  windings 
are  almost  always  arranged  in  more  than  one  slot  per  pole.  See 
first  section  for  further  miurmalh'm  in  rrirurd  to  two- phase  currents. 
gg.  Three-phase  alternator  coils  are  arranged  as  illustrated 
diagram  ma  tic  ally  by  coils  /,  III  and  //  of  Fig.  49,  and  the  curves  of 


s  electromotive  force  ure  displaced  iiMm  one  another 
by  60  deg.  as  indicated  in  Fig.  51.     This  arrangement  of  coils  is 
really  a  six-phase  grouping,   and  in  connecting   the  winding  for 
three-phase,  the  coils  o!  one  of  the  phases  must  \>e  wnnetYei  w\ 
the  reverse  sense  from   the  other   two.     This  vri\\  give  'Cai  \xv>» 
three-phase  arrangement  in  which  the  e.m.f.  curves,  ate  as  wv^vfe 
52.      These  curve*  alsn  re;.irtscii[   the  i-.ni.fs.  lol  t\\e  vAtv6.\vv%\o.^ 
S"  mth  the  three  phases  connected  up  in  the,  same  se-aaa.    ^* 
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Pic.  si.— Curves  o 
electromotivt 

'"™-ane°US 

Fig.  s'- — Curvet  of  three-ph»»e 
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three  coils  are  distributed  over  a  double  pole  pitch,  and  the  phi 
displacement  between  the  e.m.fs.  is  120  deg. 

The  two  methods  of  connecting  tbrir-pha-i.'  ;ir mature  windir 
are  shown  in  Fig.  53.  These  methods  are  discussed  in  more  < 
tail  in  the  first  section.  Armature  windings  can  he  txnngMi 
one  or  more  slots  per  pole  (Fig.  54).  The  Y  method  of 
is  almost  always  used  for  three-ph; 


Fl  H  H  FT*---F1  Fl  Fl  Fl' 
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Fie.  J 4.— Three-phase  armature  windings. 

100.    Exciters  for  alternating-current  generators    {Standard 

Handbook)   are  usually   compound- wound,   flat-compounded,  and 

rated  at  125  or  350  volts.     It  is  especially  desirable  that  they  be 

"stable,"  it  direct-connected  to  the  shaft  of  the  alternators,  as  is 

sometimes  done.     By  a  stable  generator  is  meant  one  that  does 

I         not  have  an  excessive  rise  or  fall  in  potential  with  a  corresponding 

J        change  in  speed.     Standard  direct-current  machines  of  good  design 

I        and  of  the  desired  rating  arc  used  where  the  exciters  are  separately 

driven,   and   separately   driven  exciters   are  preferable  ior   most 

plants  on  account  of  the  fact  that  the  system  is  made  much  more 

flexible;  any  drop  in  the  speed  of  the  alternator  does  not  cause  a 

(corresponding  drop  in  the  exciter  voltage,  and  the  regulation  of 
the  plant  as  a  whole  is  improved.  Furthermore,  if  the  exciter  is 
not  direct-connected,  an  accident  to  it  will  not  necessitate  shutting 
down  the  generator,  assuming  that  lln.iv  Li  :i  duplicate  exciter  set. 
In  all  cases  it  is  necessary  that  the  exciter  capacity  be  ample 
I  and  that  there  be  sufficient  reserve  capacity.  In  order  to  make 
the  exciter  plant  as  reliable  as  possible,  slorage  batteries  are  being 
installed  in  connection  wii  ri  (be  exutiiw  !iciu-[\i.iors  in  many  plants 
in  such  a  way  that  current  may  be  furnished  to  the  field  circuits 
of  the  alternators,  even  though  all  rotating  apparatus  be  at  a 
standstill.  As  an  example  of  the  amount  of  reserve  capacity 
(hat  is  sometimes  installed:  in  the  first  power  plant  of  the  Niagara 
Falls  Power  Company  four  exciters  are  installed,  each  Mia  ha.vvci% 
suBdent  capacity  lo  excite  (he  entire  plant,  and  each  &t\nc&  Vj 
its  own  turbine,  fed  by  a  .separate  penstock.. 
It  is  apparent  th.it  when-  .-q>,,ralclv  driven  wuAtett  Wtt;  %SS 
independently  of  the  current  furnished  by  the  alttxMWH*.      »> 
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water-,  or  gas-driven  units  are  necessary  unless  a  storage  battery 
or  power  [rom  an  external  suuice.  is  available  lor  excitation  of  the 
plant  when  first  starling  up.  With  the  bus-bars  excited,  motor- 
driven  units  may  be  operated  and  they  are  preferable  in  many  cases. 
General  figures  for  the  capacity  of  an  exciter  for  any  machine  run 
from  1.5  per  cent,  of  the  capacity  oi  the  alternator  for  moderate 
speeds  and  small  sizes,  lo  0.5  per  cent,  of  the  alternator  capacity, 
or  a  trifle  less,  for  large,  high-speed,  turbine  units.  Two  per  cent, 
is  a  figure  very  commonly  used  in  the  absence  of  definite  data. 
This  is  too  low  in  a  very  few  cases,  but  more  often  in  error  on  the 
safe  side. 

101.  Synchronizing. — {For  a  complete  discussion  of  the 
methods,  and  (or  digrams  of  ;ili  synchronizing  circuits  in  a. 
use,  for  both  lamps  and  syiidirosr:'NJi>.  see  Electric  Journal  a 
by  Harold   Brawn,  Way,  1912,  and  July,   1912.)     Two  or 

alternating-current  generators   will   not  operate  in  parallel    

(1)  their  voltages,  as  registered  by  a  voltmeter,  are  the  same;  (1 
their  frequencies  are  [he  same;  and  111  their  voltages  i '  ' 
the  machines  are  not  in  phase,  even  if  their  indicated  ' 
their  frequencies  are  the  same  the  voltage  of  one  will, 
instants,  be  different  from  that  of  the  other  and  there  will  be  aa 
interchange  of  current  between  the  machines.  When  two  or  more 
generators  all  satisfy  the  three  above  requirements  they  are  in 
synchronism,  Synchronizing  is  the  operation  of  getting  machines 
into  synchronism.  Incandescent  lamps  or  instruments  are,  as 
described  fa  Other  paragraphs  used  for  indicating  when  machines 
are  in  synchronism. 

ioj.     Synchronizing    a   Single-phase    Circuit   with    Lamps.— 
The  elementary  principle  Involved  in  determining  syni  hri"> nis.ru  i- 
indicaled  in  Pig.  55.     If  the  volt- 
age and  frequency  of  generators 
A  and  B  are  the  same  and  the 
machines   are  in  phase,  point 
will  be  at  the  same  potential 
every   instant   as   will   p< ' 
Hence  the  lamps  between  < 
will  not  light  so  long  as  tb 
conditions  are  satisfied.     So  long 
as  the  conditions  are  not  satisfied 
there  will  be  a  fluctuating  cross 
current  from  a  to  a'  and  a  con- 
slant  Unci  naling  of  the  brilliancy 
of  the  incandescent  lamps.    When 
the  lamps  become  dark  and  re- 
main so,  the  generators  are  in  synchronism  and  may  be  thrown 
together.     Had  the  connection  at  a'  been  made  to  the  b'  generator 
iearf,  the  lamps  would  be  bright  when  the  generators  were  in  syn- 
chronism,   but  /or  reasons  outlined  \i\  a.niAYitx  'jjnr&^v.i.vU  \.V.e  con- 
Dtction  shown   which   provides  the  "dtiiV  Vwi?"    nvWiuA  o\  «j& 
chroniy.ins  is  preferred.     The  second  \«m  c\  \.:-.c,\k\**.-k^\  ivA 
0    is  provider!  tn  in^,rf.  .o9init  arcldent  "m  case  V\ie  n— a   «KV*1K 


ana  me 
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substituted  for  the 


set.      A   voltmeter  of  proper  rating   i 

Where  the  voltage  generated  is  so  high  that  it  is  not  desirable  to 
connect  a  sufficient  number  of  lamp*  in  series  for  it,  a  single  lamp 
led  through  voltage  transformers 
can  be  used  for  synchronizing,  as 
suggested  in  Fig.  56. 

103.  Phasing  Out  Three-phase 
Circuits.— Prior  to  connecting  the 
leads  from  a  polyphase  generator, 
that  is  to  operate  in  parallel  with 
others,  to  the  generator  switch,  the 
circuits  must  be  "phased  out." 
That  is,  the  leads  must  be  so  ar- 
ranged that  each  lead  from  the 
generator  will,  when  the  generator 

switch  IS   thrown,   connect    to    the      nizing   high- voltage   circuits    with 

corresponding    lead   of    the    other     lamps. 

generator.     If  this  is  not  arranged 

there  may  be  considerable  damage  done  due  to  an  interchange  of 

current  when  the  two  machines  arc  paralleled.     After  once  phasing 

out  it  is  necessary   In  syiu.liniiti/c  but  one  phase  of  the  machine 

with  the  corresponding  phase  of  the  other  machine. 

Connections  for  phasing  out  three-phase  circuits  are  shown  in 
Fig.  57-     If  voltage  transformers  are  not  used  the  sum  of  the  vol- 


tages of  the  lamps  in  each  line  should  Ijc  apiirovinia.leiy  the  same  as 

the  voltage  of  the  circuits.     On  44o-volt  circuits,  t'wo   uo-^^A. 

or  four  lxo-volt  lamps  should  be  used  in  c;u  h  ph;i.Mi\K,-OM\,\eai. 

To  bhase  out,  run  the  two  machines  at  about  syrtchiowsua  apeeft 

If  the  lamps  do  not  all  become  bright  and  dark  together ,  mVexdw* 

mp  two  of  the  nm,n  leads,  on  one  side  of  the  switch,  \wvn%  ' 

kupa  connected  to  the  same  switch  terminals,  altct  ^toch.  0»\* 
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should  all  fluctuate  together  and  the  connections  are  correct.    The   I 
machines  arc  in  pha-c  when  all  t ho  lamps  are  dark. 

104.  The  synchronizing  connections  for  three-phase  generators 
are  shown  in  Fig.  58.  A  synchronizing  plug  may  be  used  instead 
of  the  single- pole  synehroni/inj;  switch  shown.  The  illusLrai™ 
indicates  the  connections  used  where  machines  are  to  he  synchron- 
ized to  a  bus.  Where  only  two  machines  are  to  be  synchronized, 
the  connections  are  the  same  as  shown  in  Fig.  58,  except  that  the 
bus  transformer  and  the  corresponding  lamp  arc  omitted  and  one 
plug  is  required  instead  of  two. 


Pig.  jg.— Conni 


105. 


Synchronizing    Dark  or  Light — Synchronizing  dark  ap- 
be   the  preferable  method.     All  the  connections  shown 


•'"' 


are  for  "synchronizing  dark."  When  the  lamps  are  "dark"  the 
machines  are  in  phase  and  il  is  necessary  io  close  the  switch  when 
the  pulsation  is  the  slowest  obtainable  or  ceases  altogether,  that  is, 
at  or  just  before  the  middle  of  the  longest  dark  period. 

Should  a  filament  break  (he  sync.hroni/infi  lamps  would 
dark  and  thus  apparently  indicate  synchronism  and  possibly  cai 
an  accident.  Therefore  it  is  considered  desirable  by  some 
reverse  the  synch  roni/.ing  circuit  connections  and  thereby  synchron- 
ize "light."  Synchronizing  light  eliminates  the  danger  due  to  the 
breaking  of  a  filament,  but  has  the  disadvantage  that  the  time  of 
greatest  brilliancy  is  difficult  of  determination.  The  "light" 
period  is  relatively  long  compared  wilh  the  dark  period  so  that 
synchronising  light  is  usually  considered  the  more  difficult  and 
were  it  not  that  with  the  '"sym  hroni.dtig  light "  method  the  danger 
due  to  filament  breakage  is  eliminated,  the  method  would  never  be 

The  probability  of  a   filament  bieak\t\£  just  at  the  time  of  ap- 
pronching  synchronism  and  when  trie  nwAiituia  in  twsv  \n  ^wst    , 
iv  tcmou;      If  il   occurs  at  any  other.  Lime  m  \W  o^ota)iaoA,TS&, 
I"-  nvtictit.       As  a  pro  tec  lion  against  acc'vAc-n^  A™  v 
\>n,!n;  wiring  lamps  should  always  \x  pUceA  to  om»*S».     -, 
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106.  The  number  of  lamps  to  use  in  a  group  to  indicate  synchron- 
ism is  determined  by  the  voltage  of  the  generators.  With  high 
voltage  circuits  it  is  not  feasible  to  use  a  sufficient  numberof  lamps, 
so  a  transformer  is  employed  thai  has  a  voltage  sufficient  for  a 
no-volt  lamp.  Sec  the  diagrams.  The  greatest  voltage  impressed 
on  (he  lamps  is  double  that  of  the  vol  I  age  transformers  or  genera- 
tors. Thus  the  maximum  voltage  on  the  lamps  where  two  zjo-volt 
generators  are  being  synchronized  is  440  volts.  The  dark  period 
may  be  shortened  by  Impressing  a  voltage  higher  than  their  normal 
on  the  lamps.  For  two  220- volt  machines,  fur  example,  three 
no-volt  lamps  might  be  used. 

107.  Synchroscopes  are  instruments  that,  indicate  the  difference 
in  phase  between  two  electromotive  forces  at  every  instant.  They 
show  whether  the  machine  to  be  synchronized  is  running  fast  or 
slow  and  indicate  the  exact  instant,  when  the  machines  are  in 
synchronism.  The  companies  that  manufacture  the  instruments 
furnish  literature  describing  the  theory  involved  and  that  gives 
complete  circuit  diagrams. 

108.  While  for  successful  parallel  operation,  it  Is  not  necessary 
that  alternating-current  generators  be  of  the  same  type,  output, 
and  speed,  it  is  universally  conceded  that  the  question  of  wave 
shape  is  important,  since  if  the  waves  are  of  different  shapes,  cross 
currents  will  always  be  present.  Similar  wave  shapes  are  more 
readily  obtained  with  machines  of  similar  type.  Satisfactory 
parallel  operation,  the  previously  mentioned  conditions  being  ful- 
filled, consists  in  obtaining: 

ir)   Correct  division  of  the  load  immi^l  I  In:  machines;  and 
a)  Freedom  from  hunting. 

109.  Division  of  Load. — Machines  with  similar  characteristics 
tend  to  divide  the  common  luad  uniformly.  Such  a  proportional 
load  division  may  be  dislurhcd  if  the  slum  supply  to  the  engines 
is  defective  or  variable  from  any  cause.  The  steam  supply  is 
regulated  by  the  engine  governors,  and  defects  in  one  or  more  of 
these  governors  will  give  rise  to  poor  load  division.  It  is  essential 
that  the  governors  of  all  I  he  engines  shall  have  similar  speed-regula- 
lion  characteristics  so  that  a  sadden  1  hau.ne  in  the  load  shall  cause 
the  same  amount  of  regulation  on  each  engine.  Correct  load 
division  is  therefore  essentially  a  problem  for  the  engine  governors. 
It  is  sometimes  arranged  to  govern  all  the  engines  from  a  common 
throttle  valve,  but  this  plan  is  not  often  employed.  A  more  usual 
plan  consists  in  running  all  the  machines  except  one,  with  their 
stop  valves  full  open  ami  their  governors  fixed,  so  that  the  remaining 
engine  may  lake  up  any  variations  in  the  common  load. 

Varying  the  voltage  of  an  alternator  running  in  parallel  with 
others  by  adjusting  its  held  rlu-oslal  will  not  vary  the  load  on  it  as 
with  a  direct-current  generator.  To  increase  the  energy  delivered 
hy  an  alternator  it  is  necessary  that  the  prime  mover \ie  cauaA Vs. &o 
more  work.     An  engine  should  be  given  more  su;a,tn.  or  a.  ■waXss 

no.  Adjustment  of  Field  Current. — When,  fee  r\ieo«.-&\s, 
two  alternate  running  in  parallel  at  normal  speed  ^ww^^ 
to  give  a  proper  excitation,  a  cross  current  witt  no-*  ^eV*e« 
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armatures.  The  intensity  of  (his  current  depends  only  1  . 
difference  in  field  charges  of  the  machines.  It  may  vary 
wide  range,  from  a  minimum  of  zero  when  both  field  cha 
normal,  to  more  than  full-load  current  when  they  differ 
The  effect  of  this  cross  current  is  to  increase  the  tempera 
the  armatures  and,  consequently,  tn  decrease  the  output 
generators.  It  is  important  that  the  rheostats  be  so  adji 
to  reduce  it  to  a  minimum.  This  cross  current  registers 
ammeters  of  both  generators  and  usually  increases  both  rea 
The  sum  of  the  ammeter  readings  will  be  a  minimum  when 

In  general,  the  proper  field  current  for  a  machine 
parallel  with  others  is  that  which  it  would  have  if  runnin 
and  delivering  its  load  at  the  same  voltage.  In  order  to  de 
the  proper  position  of  the  rheostats  it  is  necessary  to  mi 
adjustments  after  the  alternators  are  paralleled;  until  that 
is  found  at  which  the  sum  of  the  ammeter  readings  is  a 


To  illustrate  this  method  let  us  consider  two  similar  alter 

4  and  B,  Fig.  59,  operating  in  parallel.     When  the  generati 

LeosU.ts  of  both  are  properly  adjusted  no  cross  currents  W 

rough  the  armatures  and  the  main  ammeters  will  show 

'*    s  if  each  machine  is  receiving  t\ie  same  mm? 

ts prime  mover.     If  the  rheostat  ol  A  W?Mt\v 

e  fta  fieid  current,  a  cross  current,  W»»%  ™  \.«> 

If  now  between  the  armatures,  tbcefte*AQl'«ta*k 

a  AS  magnetization  and  weaken,  ff » us»A*»l 
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imately  equal.     The  resultant  e.m.f.  of  the  system  will  thereby  be 
lowered. 

On  the  other  hand,  if  the  rheostat  of  B  be  partly  cut  out  so  as  to 
increase  its  field  current,  a  cross  current  leading  in  A  and  lagging 
ill  B  will  flow  between  the  armatures,  strengthening  A's  magnetiza- 
tion and  weakening  B's  magnetization  until  they  are  again  equal. 
The  resultant  e.m.f.  of  the  system  will  thereby  he  raised.  A  cross 
current  of  the  same  character  is  therefore  produced  by  decreasing 
one  field  current  or  increasing  the  other,  i.e.,  in  both  cases  it  will 
lead  in  the  first  machine  and  lag  in  the  second  machine.  The 
e.m.f.  of  the  system  will,  however,  be  decreased  In  one  case  and 
increased  in  the  other. 

It  is  obvious  that  by  Bimultaneou-i y  adr.i  ;i  inr;  the  two  rheostats, 
the  strength  of  the  cross  current  may  be  varied  considerably  and 
the  e.m.f.  of  the  system  niaiii'aincil  constant. 

For  the  first  trial  adjustment  cut  in  A's  rheostat  several  notches 
and  cut  out  B's  the  same  amount,  so  as  not  to  vary  the  e.m.1.  of  the 
system.  If  this  reduces  the  sum  of  the  main  ammeter  readings, 
continue  the  adjustment  in  the  same  direction  until  the  result  is  a 
minimum.  After  this  point  is  reached  a  further  adjustment  of 
the  rheostat  in  either  direction  will  increase  the  ammeter  readings. 
If  the  first  adjustment  increases  the  sum  of  the  ammeter  readings 
it  is  being  made  in  the  wrong  direction,  in  which  case  move  the 
rheostats  back  to  the  original  positions  and  then  cut  out  A's  rheo- 
stat and  cut  in  B's.  If  both  adjustments  increase  the  sum  of  the 
ammeter  readings  the  original  positions  of  the  rheostats  are  the 

In  making  these  adjustments  of  the  rheostats  it  may  be  found 
difficult  to  locate  the  exact  points  at  which  the  cross  current  is  a 
minimum,  as  it  may  be  possible  to  move  the  rheostats  over  &  con- 
siderable range  when  near  the  correct  positions  without  materially 
changing  the  ammeter  readings.  When  the  adjustment  is  carried 
this  far,  it  is  close  enough  for  practical  operation.  If  the  generators 
are  provided  with  power  [actor  meters,  the  same  result  may  be 
obtained  by  adjusting  all  these  to  read  the  same. 

III.  Hunting  {Standard  Handbook)  is  a  term  employed  to  de- 
scribe the  oscillations  of  the  revolving  masses  of  the  machines  when 
they  are  accelerated  and  retarded  above  and  below  the  normal 
average  speed.  If  this  hunting  or  sui]ir:.'i:i^  he  ull-iwcd  to  exceed  a 
certain  amount,  the  regulation  of  the  machines  becomes  unstable 
and  they  may  break  out  of  step.  Freedom  from  cumulative  hunt- 
ing is  consequently  essential.  The  swinging  action  is  set  up 
primarily  by  variations  in  the  rotative  speed  res  nil  ing  fronMrregu- 
larity  in  the  turning  force.  A  perfectly  uniform  turning  moment 
or  turning  force  cannot  be  obtained  iviih  reciprocating  engines. 
The  irregularity  in  the  turning  moment  during  a  (evolution 
results  from  the  following  causes: 

Defective  distribution  oi  .steam  in  cylinders. 
Short  connecting  rod. 
Inertia  of  moving  parts. 
t.;/JtTe  °L  two.4m!irh<nes  running  in  parallel  momecAax^ V»® 
hmd  the  other,  Us  armature  receives  a  current  WrAc*  \*w&»  « 
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the  machine  into  phase  and  accelerate  it  so  that  at  the  it 

reaches  the  correct  phase  position  its  speed  is  a  little  greater  t 
that  of  the  other  machine,  which  is  now  in  turn  accelerated.  ' 
machines  are  now  alternately  lagging  and  leading  with  relation 
one  another.     In  other  word?.,  hunting  is  set  up. 

Whichever  engine  is,  for  the  instant,  accelerating,  will  have 
steam  supply  cut  down  by  the  governor.  If  the  governor  is 
sensitive,  it  will  over-govern,  cutting  down  the  steam  and  the  speci 
too  far.  An  instant  later,  the  river -governing  will  be  in  the  oppns 
sense,  and  this  process  will  repeat  itself.  Similar  occurrences  wi 
simultaneously  be  taking  place  on  the  other  engine,  and  thus 
have  a  case  of  hunting  governors.  By  this  hunting,  the  s 
supply  is  rendered  jH-rimlii-  unci  varies  between  two  limits. 

na.    Surging  is  the  term  used  in  connection  with  the  cu 
variations  during  the  hunting,   the  latter  terra  applying   to  t 
mechanical  phenomenon  of  periodic  speed  variations.     The  ci 
described  is  an  Instance  of  hunting  in  the  governors  due  ti 
of  load  and  to  over  sensitiveness  of  the  governors.     If,  L 
the  governor-  art-  sluj^ish,  a  time  interval  elapses  between  at.  _ 
denl.nl  arceleral.ii.il   and  its  correction  by  the  governor.      This 
will,  in  response,  tend  to  set  up  hunting. 

113.    Prevention  of  Hunting.— The  variations  in  tu 
and  angular  speed  may  be  greatly  reduced  by  the  u 
flywheel,  as  this  (ends  to  keep  the  rate  of  revolution  uniform 
virtue  of  storing  energy  and  giving  it  out  again  during  the  com 
of  each  revolution.    The  flywheel,  however,  must  not  have 
great  a  moment  (that  is,  it  must  not  be  loo  big)  as  it  adds  ti 

inertia  of  the  moving  parts  and  may  pro! ;  |i:.inf.m<;  if  once  sta 

Hunting  may  sometimes  he  overcome  by  damping  the  governors 
that  it  shall  not  respond  to  small  and  quick  variations  ii 
such  as  occur  during  one  revolution,  lii:(  shall  only  respond  tc 
and  continued  changes  in  speed.     This  result  is  obtained  by  fitt 
each  governor  with  a  suitable  dash-pot  so  that  it  is  rendered  m 
sluggish  and  will  make  no  alteration  in  the  steam  supply  e*c 
when  the  force  acting  on  the  governor  is  continued  for  some  1 

Liability  to  hunt  may  sometimes  be  prevented  by  synchro 
the  engines  so  that  the  cranks  on  all  the  engine;  are  in  stej 
the  variations  in  turning  moment  are  coincident  in  all  the  en„ 
This  plan  is  sometimes  effective,  so  far  as  the  prevention  of  hui 
in  the  generating  station  is  concerned,  but  it  cannot  al 
utilized  owing  to  the  time  taken  to  get  the  cranks  in  step,  es . 
as  an  engine  must  be  run  up  in  a  few  minutes  when  the  If 
coming  on  quickly.     It  also  is  apt  to  intensify  the  hunting  of  t 
apparatus  in  distant  sub-stations. 

With  steam  turbine-driven  generators,  this  hunting  difficult 
much  more  rare— practically  unknown— and  the  use  of  high 
uniform  speeds  facilitates  the  problem  eA  pa.ra.\\e\ ruining. 

The  tendency  of  generators  to  Yvunt  mtiy  \>e  rnmiirajjccV^ 
•nailing  the  pole  pieces  of  the  field  magnets  «Wa  t&w**  V-*- 
"cA  eddy   currents   are  induced  by   the  <&nWta«  ™&  * 
oe  Geld.      These  currents  react  011  the  feeVl  ami  »fi«««* 
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ing  and  thus  damp  the  oscillations.  A  more  suitable  construction 
consists  of  a  grid  of  copper  embedded  in  the  pole  face.  It  is  verj 
seldom  necessary  to  provide  such  "dampers"  on  pole  pieces  o 
generators  for  modern  steam-engine  or  waterwheel  drive.  Thej 
are  usually  necessary  for  gas-engine  driven  generators. 

114.  To  Start  a  Single  Alternator. — (1)  See  that  there  is  plent) 
of  oil  in  the  bearings  and  that  the  oil  rings  are  free  to  turn  and  thai 
all  switches  are  open.  (2)  Start  exciter  and  adjust  for  norma 
voltage.  Start  generator  slowly.  See  that  the  oil  rings  are  turn 
ing.  (3)  Permit  the  machine  to  reach  normal  speed.  Turn  th< 
generator  field  rheostat  so  that  all  of  its  resistance  is  in  the  fielc 
circuit.  Close  the  field  switch.  (4)  Adjust  the  rheostat  of  th< 
exciter  for  the  normal  exciting  voltage.  Slowly  increase  the  alter 
nator  voltage  to  normal  by  cutting  out  the  resistance  of  the  fielc 
rheostat.    (5)  Close  the  main  switch. 

115.  To  Start  an  Alternator  to  Run  in  Parallel  with  Others.— 
(1)  Bring  the  exciter  and  generator  to  speed  as  described  in  th< 
above  paragraph.  Adjust  the  exciter  voltage  and  close  the  fielc 
switch,  the  generator  field  resistance  being  all  in.  (2)  Adjust  th< 
generator  field  resistance  so  that  the  generator  voltage  will  be  th< 
same  as  the  bus-bar  voltage.  (3)  Synchronize,  as  outlined  in  on< 
of  the  above  paragraphs.  Close  the  main  switch.  (4)  Adjus 
the  field  rheostat  until  cross  currents  are  a  minimum  and  adjusi 
the  governors  of  the  prime  movers  so  that  the  load  will  be  properl) 
distributed  between  the  operating  units  in  proportion  to  thei] 
capacities. 

116.  To  Cut  Out  a  Generator  Which  is  Running  in  Paralle 
with  Others  {Westinghouse  Instruction  Book). — (1)  Preferably  cu 
down  the  driving  power  until  it  is  just  sufficient  to  run  the  gen 
erator  empty.  This  will  reduce  the  load  on  the  generator.  (2] 
Adjust  the  resistance  in  the  field  circuit  until  the  armature  curren 
is  a  minimum.  (3)  Open  the  main  switch.  It  is  usually  sufficient 
however,  to  simply  disconnect  the  machine  from  the  bus-bars 
thereby  throwing  all  the  load  on  the  remaining  machine  withou 
having  made  any  previous  adjustment  of  the  load  or  of  the  fielc 
current. 

Caution. — The  field  circuit  of  a  generator  to  be  disconnected  fron 
the  bus-bars  must  not  be  opened  before  the  main  switch  has  been  opened 
for,  if  the  field  circuit  be  opened  first,  a  heavy  current  will  flov 
between  the  armatures. 

117.  The  principle  of  operation  of  the  induction  motor  i 
illustrated  in  Fig.  60,  which  indicates  diagrammatically  a  two-phasi 
revolving  field  generator  and  a  two-phase  induction  motor  havinj 
a  rotortnat  is  simply  a  bar  of  iron.  The  induction  motor  depend 
for  its  operation  on  a  rotating  magnetic  field.  There  is  no  electrica 
connection  between  the  revolving  and  stationary  parts  of  an  indue 
tion  motor. 

Windings  of  the  types  shown  in  the  illustration  axe  wo\.  m^A  * 
commerce/  machines,  but  the  general  theory  involved  V&  W\fc  *i£ 
as  with  commercial  windings.  The  revolving  ne\&  (^see  V&xa&Xxfctf 
/  the  generator,  in  turning  in  the  direction  shown  \>Y  *k»  w 
merates  a  two-phase  current  which  is  trausipitte&  V>  <k*  x 
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The  current,  in  conductors  of  one  phase,  magnetizes  poles  A  and  B 
and  that  in  the  other  phase  the  poles  C  and  D.  The  winding  is 
so  arranged  that  a  current  entering  at  A  wiD  produce  a  south  pole 
at  A  and  a  north  pole  at  11.  At  the  instant  shown  at  7,  the  motor 
poles  A  and  B  are  mag  ml  ized  while  poles  C  and  D  are  not,  because 
it  is  a  property  of  a  two-phase  circuit  that  when  the  current  in 
one  of  the  phase?  is  at  a  maximum  value,  the  current  in  the  other 
phase  is  at  a  zero  value.  Hence,  the  bar  iron  rotor  will  assume  the 
vertical  position  shown. 

At  another  later  instant,  represented  at  IT,  the  currents  in  both 
of  the  phases  are  equal  ami  in  I  lie  same  direi  tioti;  the  mctor  poles 
will  be  magnetized  as  shown  and  the  rotor  will  be  drawn  into  the 
position  indicated.  At  the  instant  illustrated  at  ///,  because  of 
the  properties  of  two-phase  currents,  there  is  no  current  in  the 
phase  the  conductors  "i  which  are  wound  on  pules  A  and  B,  but  the 
current  in  Ihe  phase  the  conductors  of  which  magnetize  poles  C 
and  D,  is  a  maximum.  Hence  the  rotor  is  now  drawn  into  a  hori- 
zontal position.  Similar  action  occurs  during  successive  instants 
and  the  rotor  will  be  caused  to  rotate  in  the  same  direction  within 
the  motor  frame  so  long  as  the  two-phase  current  is  applied  to  the 
motor  terminals.  Considering  it  in  one  way,  the  rotating  mag- 
nelii  field  rotates  within  the  motor  frame  and  drags  the  rotor  around 
with  it. 

The  magnetic  al.l  Taction  or  draj*  exerted  on  the  rotor  in  a  simple 
motor  built  as  illustrated  would  be  pulsating  in  effect,  hence  the 
torque  exerted  by  sin  h  j  motor  would  not.  be  uniform. 


n8.  Commercial  induction  motors  operate  because  of  the 
principles  outlined  in  117,  but  their  construction  is  considerably 
different  from  that  shown  in  Fig.  60.  In  commercial  induction 
motors  the  stator  or  primary  winding  is  distributed  over  the  entire 
inner  surface  of  that  portion  of  the  stator  structure  which  is  of 
laminated  iron  and  which  conducts  the  magnetic  flux.  The  rotor 
consists  of  a  laminated  iron  cylinder  which  has  a  winding  of  insu- 
lated wire  or  of  copper  rods  or  bars  embedded  in  slots  uniformly 
spaced  around  the  periphery  of  (he  core.  Where  bars  or  rods  are 
used  they  art  short-circuited  at  both  cutis  by  heavy  copper  con- 
ductors  forming  a  completely  F.lvirt-dmnteATOVye. 
In  the  commercial  induction  muter  rtie  ma?,\v:vicfe\4oS.\!&ETO'u« 
which  reacts  on  the  magnetic  field  oi  *e  swtw  v=  vtoftawiVj 
i-urrenls   fe   thc  rotot   conductors.     These  cimimW,  ■««  «snra»!«< 
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by  the  rotor  conductors  being  cut  by  the  lines  of  force  of  the  rotating 
field  which  was  described  in  a  pre;  < .dim;  paragraph.  Consider 
a  polyphase  induction  motor  with  its  rotor  at  rest.  Now  connect 
a  source  of  the  proper  polyphase  current  to  the  motor  terminal 
thereby  energizing  the  suitor  wind  me.  A  rotating  magnetic  fieh 
will  be  produced  by  the  stator  winding.  As  this  magnetic  fide 
swings  around  within  the  stator  structure  it  will  cut  the  copper 
bars  imbedded  in  the  surface  of  the  rotor.  Currents  will  thereby 
be  induced  in  the  bars  and  these  currents  will  generate  magnetic 
fields  around  and  within  the  rotor.  Due  to  the  interaction  between 
the  rotor  and  stator  magnetic  fields,  rotation  of  the  rotor  will  be 
produced. 

It  is  therefore  evident  that  the  turning  speed  (revolutions  per 
minute)  of  the  rotor  can  never  be  quite  equal  to  that  of  the  rotating 
magnetic  field  as  there  must  always  be  a  sufficient  difference  in 
speed  or  "slip"  that  tin-  r^iur  tnmhur-'irs  will  be  cut  by  the  lines 
of  force  of  the  rotating  field.  Obviously,  if  the  rotor  speed  were 
the  same  as  that  of  the  revolving  field,  no  lines  of  force  could  be 
cut  by  rotor  conductors  and  there  would  not  he  sufficient  magnetic 
interaction  between  the  si  al.or  and  roior  fields  to  produce  rotation 
of  the  rotor  and  pull  a  load. 

The  intensity  of  the  current  induced  in  the  rotor  and  therefore 
the  torque  is  determined  by  tin:  annum  I.  of  ''pli[. ''  between  the  rotor 
and  the  rotating  magnetic  field.  The  greater  the  torque  required, 
the  greater  will  be  the  slip. 

iig.  General  Characteristics  of  Polyphase  Squirrel-cage 
Induction  Motors.— Their  speed  is  practically  cniivtant  at  all  loads. 
Hence  they  are  used  for  constant-speed  service  where  starting 
and  reversing  are  infrequent.  The  starting  torque  is  relatively 
small  and  a  large  starting  current  2  to  6  times  full-load  current, 
depending  on  the  design  of  the  motor,  is  drawn  from  the  line  if 
the  motor  must  start  full  load  torque. 

Simple  and  rugged  construction  is  a  feature  of  these  motors,  the 
bearings  being  the  only  parts  subject  to  wear.  Sine;  there  are  no 
sliding  electrical  con  (acts  there  can  be  no  sparking  and  the  motors 
are  therefore  particularly  suitable  for  operation  in  places  where 
there  are  inflammable  gases  or  dust. 

If  the  resistance  of  the  rotor  be  increased  the  motors  can  be  built, 
in  the  smaller  capacities,  for  high  starting  torque,  rapid  accelera- 
tion, and  frequent  starling.  Motors  built  thus  can  he  profitably 
used  for  operating  punches,  shears  and  the  like,  where  simplicity  of 
control  is  desirable,  as  with  them  a  large  drop  in  speed  produces 
but  a  slight  increase  in  torque,  permitting  the  stored  energy  in  the 
flywheel  to  be  delivered  to  the  machine  when  a  heavy  load  occurs, 
la  this  respect  such  an  induction  motor  resembles  a  compound- 
wound  direct-current  motor. 

If  the  torque  imposed  on  any  induction  mntnr  readies  a  \n  \ 
limes  full-load  torque  the  motor  ivill  st.ni  or  "  imtt  >iu\."  vjAe^M- 
116.)  *  V 

The  output  and  torque  0/  an  induction  motor  vM\e=  as  V^fcswwxe 
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uo.    Approximate    Date  on 

220,  440  and  2,200  volts,' 

The  values  given  are  general  and  approxima  te,  but  are  fairly  represen- 
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12, 1,  Characteristics  of  Polyphase  Induction  Motors  Having 
Wound  Rotors  and  Internal  Starting  Resistance. — Motors  of  this 
type  of  the  ordinary  design  give  about  ij  times  full-load  torque 
with  approximately  ij  times  full-load  ■  current,  making  them 
suitable  for  use  on  lighting  circuits  and  for  other  applications  where 
a  minimum  starting  current  is  desirataYe.  In.  j^ckm!,  motors  of 
this  type  are  not  built  in  capacities  exceeom?,  200  V.^.WausfcOi 
the  mechanical  difficulties  encountered  in  airiTifcvn&  ^e  \ii\kct!: 
nm&t&ace. 
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Standard    Induction    Motors 

two- phase  and  three-phase. 

lalive  of  what  may  be  expect  ed  from  commercial  induction  rr 


Compared  u 


ampere,  but  it  should  mil  he  u-id  :..r  ajiplii'iLl  inns  wherein  there  is 
great  inertia  or  excessive  static  friction.  If  used  for  such  appli- 
cations full  starting  current  may  be  required  far  a  cxv«i\i\eTB\i\.e 
period  be/ore  I  he  apparatus  attains  full  speed.  Since  At  ti^a^Vj 
's  small,   excessive   l«npeTaA-wtei  ^ 
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_._     Characteristics  of  Polyphase    Slip-ring  or  Wounc 
Induction  Motors  Having  External  Starting  Resistance.— 
motors  have  insulated  wire  or  bcir  windings  on  the  r  ' 
provided  with  collector  rings  whereby  an  external  resistance 
connected  in  the  rotor  circuit.     The  speed  of  the  motnr 
varied  by  varying  the  amount  of  external  resistance  in 
circuit.     These  motors  arc  ui-eil  in  moderate  and  large 
for  nearly  all  variable  speed    applications.     They  are 
for  constant  speed  applications  where  the  starting  currei 

i  operate  with  characteristics  similar  to  t 
direct-current  motors  having  resistance  in  the  arma 
When  the  external  resistance  is  short-circuited,  the  motors 
become  squirrel  cage  machines  and  operate  with  the  charac 
of  such  machines. 

Characteristic  Curves  of  the  Induction  Motor. — The 
of  Fig.  61  arc  fairly  typical  el  the  average  commercial  ifM 
lor.     It  will  be  noted  that  the  normal  rating  of  the 
n  at  such  3  point  that  both  the  power  vacUit  a»&  V\i& 
;  the  highest  possible.     The  motet  covin,  be  wj  4«h^ 
L"r  the  power  /actor  or  the  efficiency,  tav  tisa.  Wsx 
'  'L-  1  shown  at  normal  load,  but  tete^ 
I   compromise  between  the  Wd«v%  »«» 
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the  best  efficiency  and  power  factor  obtainable  with  suitable 

!■.:■!    ;-.ini    ■'.■'  -'i  :.   ;   ■       !■  ..  ■    :  ■.■■:  ■. 

the  same  motor  running  single-phase. 

115.  The  torque  curves  of  an  induction  motor  with  a  wound 
rotor,  from  rest  to  synchronism,  running  both  three-phi 
single-phase  with  resistance  and  with. nil  rrinistauee.  are  shown  in 
Fig.  63.  Curve  ,-i  .=1  !■'«-  the  torque  irmii  iv~;  lii  E<y  tichronistn  wi th- 
is inserted,  curve  B 
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F».  61.— Tndott  performance  carves  Fig.  62.— Performance  curves 

d   a    20-h.p.,   three-phase   induction  of  the  motor  shown  in  Fig.  oj, 

is  obtained  and  the  starting  torque  is  440  lb.  against  170  lb.  without 
resistance.  Curve  C  indicates  the  torque  where  too  much  resistance 
is  used  in  the  rotor.  Curve  K  illustrates  the  torque  single-phase, 
which  is  zero  nt  starting.  An  induction  motor  starts  as  shown  on 
curve  B  until  it  reai-hes  the  point  P,  when  the  resistance  is  cut  out 
and  the  motor  adjusts  itself  to  its  operating  position  at  G.  Thus, 
if  the  torque   required  of  the  motor  for  which  the  curve  is  shown, 


:^3lh\\ 


is  greater  than  440  lb.,  shown  at  //,  the  motor  -wttlVcesJs,  &<wcv  ra& 

come  to  res!.      With  the  res/stance  in  the  rotot,  a,  s\.oivVn%  Vrtopa 

o/44°lb.  is  availahlt.;  hut  this  loud  carmni  Wi™u?\UMpWWimi 

%£?. r  ?he™otor  c"n  only  bring  the  torque  rcpresecAecWj  * 

Mfitf  J5  m  other  words  3QO  lb.,  up  to  normal  speed. 
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In  Fig.  64  it  will  be  noLed  that  the  torque  of  a  three-phase  motor 
running  single-phase  at  starting  is  zero,  rising  to  a  maximum  and 
reaching  zero  at  synchronism.  This  means  that  an  induction  motor 
never  runs  at  synchronous  speed.  The  three-phase  motor.  Fig.  (15, 
starts  with  a  reasonable  torque,  reaches  its  maximum  output  and 
goes  to  zero  again  at  synchronism. 

Figs.  65  and  66  show  the  torque  curves  of  squirrel  cage  motors 
without  resistance  in  the  rotor  circuit.  With  resistance  inserted 
in  the  armature,  the  torque  is  greater  at  starting  and  less  later. 
This  is  the  reason  that  it  is  advantageous  to  introduce 
at  starting  and  cut  it  out  as  synchronism  is  approached. 


ia6.  The  Pull-out  Torque  of  an  Induction  Motor. — All  induc- 
tion motors  will  "pull  out"  at  some  certain  torque  if  they  art 
overloaded.  The  "pull-out  "  limit.  I  he  maximum  torque  that  can  ' 
be  developed — is  that  point  at  which  further  increase  in  torque  will  I 
cause  the  motor  speed  to  decrease  rapidly  and  then  to  stop.  This 
point  is  usually  at  between  2  and  4  times  the  full-load  rated  torque, 
depending  on  the  design  and  the  capacity  of  the  motor.  See  the 
typical  induction  motor  curve,  Fig.  6t. 

117.  Starting  Torque  and  Starting  Current  of  Alternating- 
current  Motors  (F.  D.  Newbury,  N.E.I. .A.  Convention  Paper,  1911). 
— In  what  follows  the  starting  torque  is  expressed  in  terms  of 
the  full-load  torque,  and  the  starling  current  in  terms  of  the  full- 
load  current.  The  smaller  values  given  for  synchronous  motors 
cover  the  requirements  of  motor-generator  sets  and  air  compressors 
and  pumps  when  the  apparatus  can  In-  started  without  load.  The 
larger  values  refer  to  motors  for  driving  pumps  and  fans,  which 
must  be  started  under  practically  full-load  conditions.  The  wide 
variation  in  Ihe  starting  current  comes  from  differences  in  con- 
struction of  the  motor  or  differences  in  1  lie  proportions  of  the  motor, 
since,  by  increasing  the  size  and  cost  of  synchronous  motors,  the 
starting  performances  can  be  materially  improved. 

STAftTER. — Starting  torque.  1  to  ij.  starting  current,  4!  to  6- 

SINOI.E-PBASE     INDUCTION      M1TOHS,    \\YESO\Yt    tVM'KS,    WLIT- 

rsusE master— Starting  torque,  z\  sUulVn^  trarot,  i\ io  i\. 

&DCVPBASE      INDUCTION      MOTORS,     CMra-VJCTOWB    *vret,    ►.v.-ro- 
mJaPOSVER    STARTER, — Starting    toiqvic,    i\  5Aa.i\.Yft%  oasws*.. 
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Polyphase  induction1  motoes,  wound-rotor  type,  step-by- 


aj.     Starting  torque,  2;  starting  ci 

Synchronous  motors,  auto-transformf.k  starter. — Starting 
torque,  0.3  to  0.5;  starting  current,  ij  to  2J.  Starting  torque, 
0.7  to  1;  starling  current,  4  to  8. 

Rotary  •converters,  auto-transformer  starter. — Starting 
torque,  0.2;  starting  current,  ij.  Starting  torque,  sufficient  t 
start  itself. 

128.  Speed  Regulation  of  Induction  Motors.  Slip. — The  speed 
regulation  is  the  percentage  drop  in  speed  between  no-load  and 
full-load  based  on  the  maximum  speed;  it  is  usually  called  the 
"slip."  The  "slip"  at  full-load  is  usually  about  5  to  7  per  cent. 
At  other  loads  it  is  approximately  proportional  to  the  load,  there- 
fore, at  twice  full-load  the  drop  in  speed  will  be  approximately 

129.  The  slip  of  an  induction  motor  is  the  ratio  of  the  difference 
between  the  rotating  magnetic- field  spued  (revolutions  per  minute 
or  angular  velocity)  and  the  rotor  speed  to  the  rotating  magnetic- 
field  speed.  The  speed  of  the  rotating  magnetic  field  is  equiva- 
lent to  the  synchronv.11  s  speed  of  the  ma  dime  (we  table  of  syn- 
chronous speeds  elsewhere  in  this  section)  which  is  determined  by 
the  frequency  of  the  current  and  the  number  of  poles  of  the  machine. 
Then: 

ci-       _    Synchronous  speed  —  Ai-tual  speed 

p  Synchronous  speed 

When  there  is  no  load  on  a  motor  the  slip  is  very  small,  that  is, 

the  rotor  speed  is  practically  equal  to   the  synchronous  speed. 

Slip  varies  with  the  design  of  the  motor  and  may  vary  front  4.0 

to  8.5  per  cent,  at  full- load  in  motors  of  from  1  to  75  h.p.  of  ordinary 

Example— What  Ls  the  slip  at  full-1 
™Wi lian°—  From  Tabk  o^or  Formi 


_.._„  in  the  above  for 


--  S-5% 


Svnchnmuus  speed  '  I. Be 

Therefore  the  slip  is  5.5  per  cent.     The  voltaRe  of  the 

130.     The  Induction  Motor  Inherently  a  Constant- speed  Motor. 
The   Regenerative   Feature. — A   characteristic   of   the  induction 
motor  is  that  it  tends  to  rotate  at  a  definite  synchronous  speed  irre- 
spective of  whether  the  motor  is  driving  or  being  driven,  providing 
there  is  no  starting  resistance  in  the  rotor  circuit.     For  instance, 
when  a  load  is  being  lowered  and  the  motor  is  connected  to  a  source 
of  energy,  it  acts  as  an  alternating-current  generator,  the  descend- 
ing load  furnishing  the  driving  power.     The  motor  delivers  energy 
lo  the  line.     When  load  is  being  raised  the  motor  aham\>=.  ensx^j 
Jhun  the  line.     This  returning  of  energy  to  the  Ymc  Vj  a.  tciqVot. 
a   termed   regeneration.     Consider    an    instaftaUon.    wto«    cas* 
faded  with  are  are  lowered  down  a  slope  on  a  xaWroaA  mA  *i« 
nptyctn  are  bolsted  back.     The  motor  delivers  sbooX  *&  tt»£ 
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power  to  the  line  when  lowering  as  it  consumes  when  h< 
with  the  result  that  practically  no  energy  is  consumed  in  op 
the  system.  The  proof  of  this  is  that  the  watt-hour  me 
such  an  installation  runs  backward  about  as  much  as  i 
forward. 

Another  interesting  example  is  a  balanced  passenger 
wherein  the  passenger  cars  run  over  varying  grades  and 
times  one  is  loaded,  at  other  times  the  other  is  loaded.  Tt 
when  equipped  with  induction  motors  connected  to  a  soi 
energy,  run  at  a  practically  uniform  speed  without  the  use  of  I 
whether  the  load  overhauls  the  motor  or  not.  This  characl 
will  not  obtain  if  starting  resistance  is  left  in  the  rotor  ( 
for  then  the  motor  will  slow  down  in  case  it  is  delivering 
to  the  cars  and  will  operate  at  an  over-speed  if  the  cars  are  d 
ing  power  to  the  motor.     (Practical  Engineer.) 

131.  To  Reverse  the  Direction  of  Rotation  of  a  Polypha 
duction  Motor. — For  a  two-phase,  four-wire  motor,  inten 
the  connections  of  the  two  leads  of  either  phase.  For  a  two- 
three-wire  motor,  interchange  the  two  outside  leads.  For  a 
phase  motor,  interchange  the  connections  of  any  two  motor 

132.  A  single-phase  induction  motor,  when  its  rotor 
revolving,  has  no  starting  torque.    After  the  rotor  conn 
revolving  there  is  a  certain  interaction  of  magnetic  fields  w! 
there  is  exerted  a  continuous  turning  effort.    While  such  a 


Motor-. 


ftbftrtts  wfthRbtoK, 
Rbnntnq  Winding 


Automatic} 
CtntnfugotK  _*. 
Cut-out) 

Shafr—" 


Starting 
Wmdtno-' 


-*  -- 


Connection 
Bhck 


Starting  Wanting 
in  Circuit 


Circuits 


Sprmg-r 


Stai 


Starting  itfhduig 
Utontof  Onuft^ 

Automatic    Switch 
Fig.  6?. — Single-phase  motor  diagram. 

can  be  started  by  hand  by  giving  the  rotor  a  twist,  the  mos 

mon  method  of  starting  is  by  the  so-called  split-phase  n 

With  this  method  the  circuit  supplying  the  motor  is  divid< 

two  circuits  and  one  is  arranged  in  some  way  so  as  to  hai 

siderably  more  inductance  than  the  other.     Each  circuit  s 

*  winding. 

These  windings  axe  called  the  £Uxuxi£  *xi&  tosoox^  ^ 

The  current  in  the  starting  raidttxifc  aMter&VsL^asfcVs  \ 

90  deg.  from  »H**  in  tbe  ronmsc  ^^tofcX^^ws*  <* 
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uctance  in  the  starting  circuit.  The  starting  winding  is  ar- 
gcd  at  practically  go  electrical  degrees  from  the  running  wind- 
.  This  latter  winding  in  the  motor  shown  in  Fig.  67  consists 
1  greater  number  of  turns  of  larger  wire,  well  distributed  over 

stator,  while  the  starling  winding  consists  of  fewer  turns  arid 
niiisiderably  smaller  wire.  In  this  motor  the  starting  winding 
■If  is  designed  so  that  it  has  more  inductance  than  the  running 
iding.  In  some  motors,  an  inductance  coil,  carried  in  the  base 
the  motor,  is  connected  in  scries  with  the  starting  winding  to 
vide  the  necessary  inductance. 

"he  running  winding  remains  in  the  circuit  at  all  limes  of  motor 
■ration,  while  the  starling  .me  tmly  remains  in  1  ircuit  until  the 
tor  has  reached  synchronous  speed  or  nearly  so.  When  the 
ed  is  reached  at  which  the  starling  winding  sW:ld  bo  cut  out. 

automatic  centrifugal  switch  (see  illustration)  operates  and 
ns  the  "starting"  circuit  and  the  motor  continues  to  operate 
Jy  by  Virtue  of  the  "running"  winding  and  circuit. 

33.  Phase  Splitting  and  Repulsion  Starting  of  Single-phase 
uction  Motors. — In  the  former  mcllvid  uvu  windings  are  used 
the  stator  of  the  motor;  one  of  these  is  the  working  winding, 

olher  the  starling  winding  (see  132).  In  some  cases  an  ex- 
ul  starting  box  is  employed  to  secure  the  necessary  phase 
erence  in  the  current,  in  others  the  reactance  is  part  of  the 
jndary  winding  itself. 

Vhere  a  single-phase  induction  motor  is  started  by  the  "re- 
sion"  method  (see  13s)  the  rotor  is  similar  to  the  armature 
1  direct- current  motor,  being  provided  with  form  wound  coils 
',  a  commutator.  There  are  two  sets  of  brushes,  bearing  on 
commutator,  these  sels  being  short-circuited  upon  each  other. 
:  stator  is  lupplied  with  single-phase  current,  and  there  is  no 
trical  connection  between  the  stator  and  the  rotor.  The 
rents  in  the  stator  set  up  a  flux  which  reacts  on  the  rotor,  re- 
ing  the  successive  coils  and  thereby  causing  rotary  motion, 
n  the  motor  approaches  synchronous  speed  a  centrifugal 
:e  of  some  description  short-circuils  the  commutator  bars 
lifts  the  brushes,  transforming  the  motor  into  the  induction 
with  practically  a  squirrel  cage  rotor. 

34.  The  Starting  Torque,  Starting  Current  and  Speed  Regu- 
of  Single-phase  Induction  Motors. — The  single-phase  in- 
n  motor,  with  phase- splitting  starling  device,  is  suitable  for 

:hines  in  which  the  starting  torque  is  not  over  150  per  cent. 
'nil-had  torque.  Almost  invariably  some  type  of  clutch  is 
1  which  allows  the  motor  lo  attain  nearly  synchronous  speed 
>re  picking  up  the  load.  The  starting  current  with  150  per 
t.  of  full-load  torque  Is  approximately  jjo  per  cent,  of  full-load 
■ent,  and  the  maximum  torque  i^=  from  1  ia  to  20a  per  cent,  of 

full-load  torque.  The  speed  regulation  ivom.  wAcad  \n  W&.- 
'  is  good,  being  better  than  in  the  multiphase  mote*.    \v.?,ctv. 

however,  the  efficiency,   power  factor  and  mwimurtt.  towage. 
ot  as  good  as  in   corresponding   multiphase  m.oVoT=>.    TVej 
•red  only-  for  driving  machinery   where  the  &tu\!n4.  J««fi« 
light.      The    single-phase    induction.  m«tat,  Wto  «* 


,  . 
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repulsion  method  of  starling,  has  a  starting  torque  of  from  ! 
to  ;J  limes  full-load  torque,  with  2  to  i\  times  full-load  current. 
(A.  B,  Morrison,  Foicer,  March  4,  1013.) 

135.  The  condenser-compensator  method  of  starting  single- 
phase  induction  motors  is  shown  in  Fig.  68.  Two  terminals  of 
the  stator  winding,  which  is  practically  of  the  standard  three-phas: 
construction,  are  connected  to  the  supply  mains.  The  third 
terminal  of  the  stator  winding  is  'connected  to  the  tine  through  an 
auto- transformer.  The  main  to  which  it  is  connected  is  determined 
by  the  direcliou  of  rolal  ion  desired.  A  condenser  is  also  connected 
across  the  transformer  to  provide  capacity.  Then  when  the  motor 
has  reached  synchronous  speed  the  starting  winding  can  be  cut  out 
by  opening  [lie  switch  and  the  motor  then  operates  upon  running 
winding  only. 

136.  The  compensated  repulsion  single-phase  motor  is  one  in 
which  the  line  current  passes  through  the  stator  and  also  through 
the  rotor  by  means  of  two  sets  of  brushes  bearing  on  the  commu- 
tator. There  is  also  a  second  set  of  brushes  set  at  an  angle  to  the 
first  which  arc  short-circuited  on  themselves.  This  motor  differs 
from  the  straight,  repulsion  type  in  that  it  contains  two  additional 

of  brushes  and  the  stator  and  rolor  are  in  electrical  contact. 

137.  The  compensated  repul- 
sion motor  has  a  starting  torque 
of  2j  to  3  times  full-load  torque 
with  approximately  twice  full- 
load  current,  and  the  maximum 
torque  is  from  3  to  3J  times  full- 
load  torque.  The  power  factor 
is  very  high  at  all  loads,  but  the 
cntdeney  is  lower  than  in  the 
induction  motor.  This  type  of 
motor  is  well  adapted  for  loads 
where  heavy  starting  torque  is 
required  with  sudden  overloads. 
It  has  the  disadvantages  of  hav- 
ing a  commutator  and  is  some- 
what more  noisy  than  the  induc- 
tion motor  after  the  latter  is  up 
to  speed.  {A.  B,  Morrison,  Jr., 
Power,  March  4,  1013.) 

138.  If  a  variable -speed  single- 
phase  motor  is  required,  some 
form  of  compensated  repubiai 
motor  is  generally  used.  The  be- 
havior of  the  motor  is  very  sim- 
ilar to  that  of  the  variable-speed 

i;iulii|>hasc-induction  motor  with  resistance  in  series 

>r.     Jt  is  consequents ,  owmg  W>  V\a  tti\5.\.aM.e  *,\*l«1 

:ited  only  to  such  appUc&tioni  as  teojiiie  a. .  *\ja&j 


Tramhrntr 


tround-roU 

characterise) 

;AW    torque* 
■  nsislant 
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'"  yi'V.-n  suceds.  '  "Its  chaia.cA.cT\s\\^  a*,  v^wta  *v;„v. 
c,  are  uncharged  ^Ven  ***&  te  ^^^ 
is   inserted   in  scries  irtth  **  *»»*«*  ■«** 
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normally  shor  I -circuited  and  the  insertion  of  additional 
decreases  the  speed.  By  the  insertion  of  resistance  in  series  with 
the  brushes  carrying  the  line  current  it  is  also  possible  to  raise  the 
speed  of  the  motor  slightly  above  sy  nchronism. 

139.  Approximate  Data  on  Single-phase  Induction  Motors, 
no  to  440  Volts  (Electric  Molars,  Crocker  and  Arendt), — The 
synchronous  or  no-load  speed  of  any  induction  motor  is  determined 
by  the  number  of  its  poles  and  the  frequency.  See  94,  Very 
small  single-phase  motors,  such  as  fan  motors,  may  not  show 
performances  as  good  as  those  tabulated  below.  Pull-out  or 
"break-down"  torque  as  tabulated  is  in  terms  of  rated  full-load 


„.„,- 
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140.  Synchronous  motors  (Carl  D.  Knight,  Practical  Engineer, 
June  1,  lot;).  —  Gnu-rally  si  .cat.  in;:,  any  iisiitloni  alsernating-cur- 
rent  generator  will  operate  with  more  or  less  satisfaction  as  a 
synchronous  motor,  and  unless  special  operating  features  mu3t 
be  provided  for,  the  two  are  of  I  en  identical  in  construction. 

There  arc  two  advantages  of  the  synchronous  motor,  namely: 
it  operates  at  a  constant  speed  at  all  loads,  provided  the  driving 
alternator  runs  at  a  constant  speed,  and  its  power  factor  is  at  all 
times  under  the  control  of  the  attendant;  it  can  be  used  to  correct 
low  power  factor  of  the  system  that  feeds  it  in  addition  to  driving 
a  mechanical  load,  provided  it  has  sufficient  capacity. 

(The  latter  characteristic  is  often  of  considerable  importance. 
It  is  well  known  that  the  power  factor  of  the  induction  motor, 
even  under  full-load  conditions,  is  seldom  greater  than  95  per  cent., 
and  it  often  falls  as  low  as  50  of  60  per  cent,  at  light  load.  The 
result  is  that  an  alternating- cur  rent  generator  driving  a  consider- 
able number  of  induction  motors  ordinarily  operates  at  a  com- 
paratively low  power  factor.  If  this  alternator  is  loaded  to  its 
full  kilowatt  capacity  at  such  a  low  power  factor,  overheating 
will  result. 

If  the  alternator  is  not  loaded  beyond  its  norma\  OTrcem.'^aK'A.'j 
h  operates  at  a  low  energy  load  but  with  the  same  heaXm?,  Vfifi.es> 
mat  full-load,  on  account  of  the  reduced  power  ia.cA.ot.    Tcie^A.- 
vantage  of  the  synchronous  motor  on  such  a.  system  "vs,  titvaX^"* 
■>per  adjustment  of /r.s  rivtd  current  it  may  be  ma.de  to  4taw  >^ 
i   leading  with  respect  to  \i*e  n 


i  current  which   1 
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and  which  will  neutralize  the  lagging  current  taken  by  the  in- 
duction motors.  The  current  in  the  alter  rating -current  generator 
can  thereby  be  brought  into  phase  with  the  voltage  and  the  gener- 
ator will  operate  under  its  normal  conditions.  When  used  in  this 
manner  as  a  compensator  for  lagging  current,  the  synchronous 
motor  must  be  of  larger  size  than  required  by  its  power  output,  on 
account  of  the  excess  current  which  it  draw.-  from  the  line. 

141.  A  synchronous  condenser  is  a  synchronous  motor  that 
operates  to  correct  power  factor  only  and  does  not  pull  any 
mechanical  load. 

142.  Disadvantages  of  the  Synchronous  Motor. — To  offset 
its  advantages,  the  synchronous  motor  has  disadvantages  which 
ordinarily  limit  its  application  to  relatively  large  capacities,  and 
to  installations  where  it  can  be  used  as  a  compensator  for  lagging 
current.  The  chief  disadvantage  is  that  the  motor  has  small 
starting  torque  even  at  full-load  current.  The  motor  also  requires 
a  supply  of  direct  current  for  its  field  excitation. 

143.  The  Dses  of  Synchronous  Motors  [Standard  Handbook).— 
Due  to  the  fact  that  synchronous  motors  require  more  care  than 
induction  motors,  are  not  self-exciting  and  are  started  with  some 

e  seldom  employed  where  induc- 
tion motors  can  be  used.  Where 
an  induction  motor  would  be  ob- 
jectionable on  account  of  the  large 
lagging  wattless  currents  which 
affect  the  voltage  regulation,  a 
synchronous  motor  may  be  used  to 
advantage.  It  is  also  used  as  a 
"synchronous  condenser" 
ncct.ion  wiih  induction  motor  lo 
for  power  factor 
noted  above. 
144.  The  steps  in  1 
■v-  I     ft  ft     : "'■■■   J    L  synchronous  motor   are   about-!1 

'-|w.W  fA]  follows: 

^jj|*Bft»w       K-J>"  (l)  See  that  motor  is  clean,  t 

1 ^  O— -J^jy       bearings  arc  well  supplied  withoi 

•bu'  and  that  oil  rings  are  free  to  tur 

Pig.  69.— Connections  for  a  self-  (s)     See    that    all    switches   a 

rt»rling  synchronous  motor.  open. 

(3)  Close  the  double-throw  fi 
switch,  cutting  in  the  field  rheostat  with  its  resistance  all  in. 

(4)  Close  the  main-line  switch  (if  any)  in  the  circuit  and  throw 
in  the  double-throw  switch,  throwing  it  in  the  starting  position.  The 
motor  should  start  and  speed  up  to  synchronism  in  from  30  lo  60  sec 

(5)  When  motor  is  up  to  speed,  throw  field  s'  "  " 


:'lh,r  [running)  position  with  rheostat  all  in. 
(6)  Throw  double-throw  main  switch  o\" 
Hting  motor  on  full  line  voltage. 
'?)  Adjust  field  rheostat  for  minimum  atmaXJire 
4P    69  shows    the   method  of   connect'ios, 
l«W  synchronous  motor   to  its  exciter. 


v'rvtct-v'fe.ai*.  « 
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a  double-throw  switch  in  the  field  circuit.  This  switch,  however, 
may  (where  the  exciter  is  connected  to  the  same  shaft  as  the  syn- 
chronous motor)  be  single-throw  and  the  field  connected  direct 
through  the  exciter  armature  with  the  rheostat  in  the  circuit.  The 
field  is  thus  short-circuited  at  standstill  and  is  gradually  charged  ai 
the  motor  speeds  up. 

145.  Starting  Synchronous  Motors. — Practically  any  poly- 
phase synchronous  motor  may  be  started  by  applying  full- load 
voltage  to  the  armature,  leaving  the  field  open  until  the  motor 
has  reached  its  normal  speed.  Such  a  procedure  would  require, 
however,  2  or  more  times  the  full-load  current  of  the  machine. 
Since  the  power  taken  by  a  synchronous  motor  starling  in 
manner  is  of  very  low  power  factor,  the  line  disturbances  might 
be  considerable.  Starting  at  full  line  voltage  is  also  liable  to  in- 
duce in  the  field  windings  an  excessively  high  voltage,  often  re- 
sulting in  breaking  down  the  insulation. 

To  limit  the  starting  current  to  a  reasonable  value,  auto  starters 
or  compensators  are  often  used.  These  are  similar  and  used  in 
exactly  the  same  manner  as  the  starting  compensators  used  with 
induction  motors.  When  starting  W'ith  a  compensator  the  field- 
winding  circuit  is  opened  by  a  switch  provided  for  the  purpose  o 
(he  field  circuit  may  be  closed  through  a  resistance  until  the  moto 
has  attained  its  normal  speed. 

This  arrangement  does  not  provide  a  great  starting  torque, 
and  in  most  modern  synchronous  motors  the  revolving  field  of 
the  motor  is  provided  with  a  special  auxiliary  winding  similar  to 
the  winding  on  the  rotor  of  a  squirrel  cage  induction  motor.  It 
has  been  possible  to  construct  motors  having  nearly  30  per  cent, 
of  full-load  torque  at  approximately  ij  times  full-load  current. 
Beside  improving  the  starting  torque  this  squirrel  cage  winding 
also  has  a  tendency  to  reduce  the  hunting  or  pumping  effect  which 
is  sometimes  encountered  in  the  operal  ion  of  synchronous  moto 

Where  the  motor  to  be  started  is  comparable  with  the  ! 
of  the  generator  which  drives  it,  it  is  often  necessary  to  conn 
a  small  induction  motor  to  the  synchronous  motor  to  bring  it  . 
to  speed.  When  approximately  normal  speed  has  been  reached 
the  synchronous  motor  is  thrown  on  the  line  as  before,  and  the 
field  closed  immediately. 

When  a  large  starting  torque  is  required,  as,  for  example, 
driving  a  considerable  amount  of  shafting,  it  is  often  impractical 
to  start  the  load  and  the  motor  from  rest  simultaneously.  In 
such  instances  it  is  customary  to  install  a  friction  clutch  or  similar 
device  between  the  motor  and  its  load,  so  that  the  motor  may 
attain  ils  normal  speed  before  any  loaii  is  impest-d  upon  it. 

Occasional  installations  are  encountered  where  the  motor  is  the 
only  load  on  the  driving  generator.     In  such  cases  it  is  possible 
to  connect  the  synchronous  motor  to  the  line  oeiore  sA.m'Cto^  ^wi 
alternator.     On  starting  the  alternator,  both.  'Will  come  w$  U>  a^efcft. 
together. 

Cases  Aat-e  been  inoivn  in  which  the  molor  was.  a.  smi\\vMX 
flhejoad  onjhc  driving  alternator,  thai  is,  ike.  aWctWiVOT  1" 
-*"th  the  motor,  when  an  auto  atar\,cT  "tfas  ^ 
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to  raise  the  voltage  at  start  instead  of  to  reduce  it.  This  method 
gives  a  fairly  good  torque,  but  requires  large  current,  and  the 
operator  must  be  certain  that  the  motor  windings  will  not  be 
damaged  before  trying  such  a  method. 

In  cases  where  il  is  desired  !n  use  an  alternating-current  genera- 
tor as  a  motor  and  no  compensator  is  available,  water  rheostats 
can  be  used  to  good  advantage,  one  being  placed  in  series  with 
each  phase.  They  are  sliorL-rirriiile-d  when  the  motor  has  attained 
normal  speed.     (Practical  Engineer.) 

TROUBLES  OF  ALTERNATING -CURRENT  MOTORS 

AND   GENERATORS,  THEIR  LOCALIZATION 
AND  CORRECTION 

146.  Troubles  of  Alternating -current  Machinery. — Much  of 
the  material  under  this  heading  is  based  on  that  in  the  book  Millar 
Troubles,  by  E.  B.  Raymond,  l'or  further  data  relating  to  altcr- 
naling-currcnt-machmery  troubles  and  their  correction  sec  the 
author's  Electrical  Machinery,  published  by  the  McGraw-Hill 
Book  Company. 

147.  Induction  Motor  Troubles  (H.  M.  Nichols,  Power  and 
the  Engineer). — The  author  asserts  that  the  unsatisfactory  opera- 
tion of  an  induction  motor  may  be  due  to  either  external  or  in- 
ternal conditions.  The  voltage  or  the  frequency  may  be  wrong, 
or  there  may  be  an  overload  on  the  machine.  Low  voltage  is  the 
most  frequent  cause  of  trouble.  The  starting  current  sometimes 
amounts  to  twice  the  running  current,  with  the  result  that  the 
voltage  is  particularly  low  at  starting.  The  best  remedy  for  this 
disorder  is  larger  transformers  and  larger  motor  leads,  one  or  both. 
The  troubles  that  occur  most  frequently  within  the  motor  itself 
are  caused  by  faulty  insulation,  and  by  uneven  air  gap  due  to  tie 
springing  of  the  motor  shaft  or  to  excessive  wear  in  the  bearings. 
If  a  wound-rotor  machine  refuses  to  start,  the  trouble  may  be  due 
to  an  open  circuit  in  the  rotor  winding.  A  short-circuited  coil  la 
the  motor  will  make  its  existence  known  by  local  heating  in  [he 
latter.  Most  motors  designed  to  employ  a  starting  resistance 
will  not  start  at  all  if  the  resistance  be  left  out  of  the  secondary 

148.  Troubles  of  Alternating-current  Generators  (Wcstinghmts) 
Instruction  Book). — The  following  causes  may  prevent  alternating- 
current  generators  from  developing  their  normal  e.m.f.r 

The  speed  of  the  generator  may  be  below  normal. 
The  switchboard  instruments  may  be  incorrect  and  the  voltage 
may  be  higher  than  that  indicated,  or  the  current  may  be  greater 
than  is  shown  by  the  readings. 

The  voltage  of  the  exciter  may  be  low  because  its  speed  is  below 
norms!,  or  its  series  field  reversed,  ur  part  of  its  shunt  field  reversed 
or  shori-circuilcd. 
The  brushes  o(  the  exciter  may  be  incortecWy  wA. 
.     -'1  part  l./  the  field  rheostat  or  otu.ee  wmecraas-s  wsMAttM* to 
Pe  in  the  Held  circuit  „    , 

**ie  power  /actor  of  the  load  may  be  abtiotwwAVj  \<™. 
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149.  Causes  of  Shutdowns  ot  Induction  Motors. — Soraeiimea 
there  is  trouble  from  blowing  (uses.  Or  possibly,  and  more  serious, 
the  fuses  do  not  blow  and  the  motor,  perhaps  humming  loudly, 
comes  to  a  standstill.  Under  these  conditions,  the  current  may 
be  10  times  normal,  so  that  the  heating  effect,  being  increased  as 
the  square  of  the  current  or  100  fold,  causes  the  machine  to  burn 
oul  its  insulation. 

Since  the  torque  or  turning  power  of  an  induction  motor  is  pro- 
portional to  the  square  of  the  applied  voltage  (one-half  voltage 
produces  only  one-quarter  torque),  it  is  evident  that  loitering  the 
voltage  has  a  decided  effect  upon  the  ability  of  the  motor  to  carry 
load,  and  may  be  the  cause  of  its  stopping.  Another  cause  may 
be  that  the  load  on  the  motor  is  more  than  equal  to  its  maxi- 
mum output. 

The  bearings  may  have  become  worn,  so  that  the  air-gap  (which 
ordinarily  is  not  much  over  0.040  in.  and  on  small  motors  as  small 
as  o.ors  in.)  has  been  gradually  reduced  at  the  lower  side  of  the 
rotor  to  practically  zero.  The  rotor  commences  to  rub  on  the 
stator.  The  friction  soon  becomes  so  great  that  it  is  more  than 
the  motor  can  carry.    The  result  is  that  it  shuts  down. 

A  shut-down  may  lie  due  to  bearings  introducing  excessive 
friction.  Hot  bearings,  in  turn,  may  be  due  to  excess  of  belt 
tension,  dirt  in  the  oil,  oil  rings  nol  turning,  or  to  improper  align- 
ment of  the  motor  to  the  machine  that  it  drives.  Hence,  under 
such  conditions,  it  should  lie  ascertained  ivheihcr  the  voltage  has 
been  normal,  whether  the  air-gap  is  such  that  the  armature  is  free 
from  the  field,  and  whether  the  load  im|>osed  upon  the  motor  is 
more  than  that  for  which  il  was  designed.  In  any  installation  a 
system  should  be  arranged  whereby  Lin  inspretor  will  examine  the 
gap,  bearings,  etc.,  periodically. 

Rarely,  shutting  down  may  be  due  to  the  working  out  of  the 
starling  switch,  which  may  be  located  within  the  armature.  Such 
1  switch  is  operated  by  a  lever  engaging  a  collar  which  bears  on 
contacts  which,  as  they  move  inward,  cut  out  the  resistance  in 
leries  with  the  rotor  winding  and  located  within  it. 

If  the  short-circuiting  brnsiie-  work  back,  inlroducing  resistance 
into  the  armature  circuit  while  the  machine  is  trying  to  carry  load, 
it  will  at  once  slow  down  in  speed  and  probably  stop,  usually 
burning  out  the  starting  resistance.  Of  course,  this  can  occur 
'  only  from  faulty  construrl ion.  The  remedy  is  to  fit  the  brushes 
properly,  so  that  they  will  not  work  out.  It  is  well  to  inspect 
them  at  the  time  of  air-gap  inspection. 

150.  Low  Torque  while  Starting  Induction  Motors. — Although 
the  circuit  to  the  motor  be  closed,  sometimes  it  does  not  start. 
The  same  general  laws  of  voltage,  etc.,  apply  to  the  motor  at 
slatting  as  when  running.  Hence,  the  points  mentioned  under 
"Shut-downs"  should  be  investigated  and  il  nc.cessa.Ty  coneic\.iA. 
The  resistance,  which  k  frequently  inserted  in  tV\e  axmaXvKfc,  Ttvs.~; 

be  short-circuited,  thus  giving  a  low  starling  Vortvae.  "\iveVe=fi. 
starting  compensator  is  used  for  starling  it  is  necessity,'^  <«< 
to  obtain  a  propyr  sLtninz  (.urr[.ic  with  a  re;.s.oYvaY>\e  cwterft.,  ^ 
«  resistance  be  inserted  in   the   rolor   circuit       l^e  TeMsVax*1 


ng  atili. 
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only  limits  the  current,  which  would,  with  the  motor  standings! 
be  large,  but  it  causes  the  current  of  the  armature  to  assume 
more  effective  phase  relation,  so  that  with  the  same  current  a  far 
larger  torque  is  obtained.  A  partial  or  complete  short-circuit  ul 
the  resistance  partially  or  wholly  ruins  the  starting  torque. 

151,  Low  Maximum  Output  of  Induction  Motors. — The  maxi- 
mum load  which  a  motor  can  carry  may  be  less  than,  desired,  or 
less  than  the  name  plate  indicates.  If  the  voltage,  air-gap,  load, 
etc.,  are  right,  it  may  be  possible  that  a  mistake  has  been  made  in 
connections.  It  is  then  easiest  to  return  the  motor  to  the  factory, 
but  if  immediate  operation  is  essential,  the  armature  connections 
can  easily  be  changed  so  as  to  give  a  large  increase  in  output.  Td 
ascertain  what  to  do,  remove  i.hc  bracket  on  the  side  of  the  motor 

iv hi.  ii  1  ■■:> ',■(■!■-.  i ! ■:,'  .  :  ■■  .1  -.'.,■!  wivi    llie  .■  .ii-.      Kadi  motor  has 

a  certain  number  of  poles.  Pick  out  one  phase,  and  find  out  how 
many  groups  of  coils  are  connected  up.  From  this,  the  number  of 
poles  can  be  determined.  A  better  way  is  to  calculate  this  from 
the  speed  of  the  motor  and  the  frequency  of  the  circuit  on  which 
it  is  running.     See  04. 


1  of  the  connections  it  can  be  easily  de- 
nined  whether  the  poles  in  any  place  arc  connected  in  series 
n  multiple,  or  in  series-multiple.  Thus,  in  a  motor,  the  connec- 
ts may  be  as  shown  in  Fig.  70,  1 ,  which  slinws  the  windings  oi 
'  phase  of  a  four-pole  motor.  If  the  connect  ions  be  channel 
"  se  in  Fig.  70,  II,  each  coil  will  then  receive  double  its  former 
e  and  the  motor  will  give  four  limes  the  output.  Before 
a  change  in  connections  such  as  that  indicated  here  one 
it  ascertain  to  a  certainly  that  the  increased  current  that  will 
ult  will  not  injure  the  windings. 

t  should  he  borne  in  mind,  however,  that  this  makes  the  motor 

s  efficient,  increasing  the  exciting   current,  and   thus   lowering 

e  power  factor.     If  conditions  demand  it,  this  method  may  be 

'"~iwed.     The  le)ii|ier;ilure  under    the  new  conditions  should  be 

fully  watched  to  see  that  there  is  not  undue  heating.     The 

1  change  in  connections  that  can   be  used   for  quarter-phase 

s  is  of  the  type  of  the  one  just  deacrWied. 

4  three-phase  motors  the  poles  tan\ic  gtoupei  wA  otJl-j  * 
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previously  suggested,  but  a  variation  of  connections  from  delta 
to  star,  or  the  reverse,  can  be  made.  A  delta- connected,  two- 
pole  motor  is  shown  in  Fig.  71,  /,  where  the  three  phases  are  in- 
dicated by  the  letters,  A,  B  and  C.  Any  one  of  these  phases  may 
have  poles  connected  in  either  series  or  multiple.  In  a  delta 
connection  with  the  coils  spaced  r2o  deg.  apart,  as  shown  in 
Fig.  71,  /,  each  phase  has  the  line  voltage  E. 

In  the  star  connection  the  phases  arc  joined  as  in  Fig.  71,  II. 
In  this  case,  as  in  Fig.  71,  /,  each  phase  may  have  poles  in  series 
or  in  multiple.  In  tiie  case  of  Fig.  71,  //,  each  coil  has  a  voltage 
of  0.58  XE. 


151.  Winding  Faults  of  Induction  Motors.— When  a  new  in- 
duction motor  is  received,  it  sometimes  happens  that  in  attempting 
to  operate  the  machine,  although  it  will  start,  the  currents  are  ex- 
cessive and  unbalanced,  undue  healing  appears  or  a  peculiar  noise 
Is  emitted  and  aivompa.nicd  |n>-;.i!>ly  by  dimming  of  the  lights 
on  the  same  circuit  and  the  lowering  of  speed  with  perhaps  actual 
shut-down  of  other  induct!. in  motor?  thereon.  If,  after  examina- 
tion, there  is  found  to  be  no  dilikully  wii.h  (lie  ait:  gap,  lick  tension, 
starting  resistance  or  bearings,  i.iie  probabilities  are  that  the  coils 
of  the  motor  have  been  wrongly  conneil.cd  or  that  the  winding 
has  been  damaged  during  lran-por;al.ion.  Certain  indications 
of  these  conditions  arc  shown  by  instrument  readings.  The  wind- 
ing faults  in  a  three-phase  motor  may  be: 

1.  One  coil  of  the  rolor  may  he  open- circuited.  The  armature 
or  rotor  may  have  a  defective  winding  just  as  may  the  field.  A 
coil-wound  rotor  construction  is  used  only  when  a  starting 
resistance  is  used.  When  a  compensator  is  used  no  starting 
resistance  is  required,  and  the  winding  consists  simply  of  bars 
connected  at  the  ends  by  a  ring. 

i.  Two  coils  or  phases  of  the  armature  may  be  open-circuited. 

3.  Armature  may  be  connected  properly  but  field  coil  or  phase 
may  be  reversed. 

>,   Part  of  Geld  may  be  short-circuited. 

We  of  Geld  may  be  open- circuited. 
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The  symptoms  shown  for  certain  of  these  trouble  conditions  an 
indicated  in  the  following  data  from  actual  tests  on  a  5-h.p.,  fix- 
pole,  1,200  r.p.m.,  60-cycle  induction  motor. 

153.  With  an  open  circuit  in  field  or  stator  in  a  three-phiK 
motor,  current  would  flow  only  in  two  legs.  There  would  be  no 
current  in  the  other  leg  and  the  motor  would  not  start  from  rot 
with  all  switches  closed.  However,  a  three-phase  motor  or  &  two- 
phase  motor  will  run  and  do  work  single-phase  if  it  is  assisted  ii 
starting.  The  starting  torque  is  zero,  but  as  the  speed  increased 
the  torque  increases. 

With  a  small  motor,  giving  a  pull  on  the  belt  will  introdoa 
enough  torque  so  that  it  will  pick  up  its  load.  Therefore  while  ai 
open  circuit  in  the  field  winding  should  be  found  and  repaired,  ii 
there  is  not  time  for  repairs,  the  motor  can  be  operated  singk> 
phase  to  about  two-thirds  of  normal  load.^  The  power  facta 
conditions  and  effects  on  the  rest  of  the  circuit  are  practically  no 
worse  than  when  the  motor  is  running  three-phase.  The  torqa 
of  a  i-h.p.,  three-phase  induction  motor  from  rest  to  synchronism 
when  running  single-phase,  is  indicated  in  Fig.  64.  The  tonrai 
curve  of  a  20-h.p.,  three-phase  motor  is  given  in  Fig.  65,  and  oil 
i-h.p.,  three-phase  motor  in  Fig.  66. 

154.  Balking  of  Induction  Motors. — With  induction  motofl 
having  certain  slot  relations  between  armature  and  field,  at  ont 
certain  percentage  of  speed,  the  torque  will  go  almost  to  zero.  Tni 
motor  will  start  its  load  properly,  but  will  suddenly  lose  its  torque 
at  some  slow  speed,  perhaps  one-tenth  normal.  Such  trouble  ma) 
be  caused  by  a  magnetic  locking  effect  of  the  teeth  of  the  armatufl 
with  the  poles  of  the  field.  t  This  phenomenon,  with  ordinary  meas- 
uring instruments  and  facilities  cannot  easily  be  measured.  Bui 
with  special  torque  measuring  instruments  the  peculiar  svnchronou! 
locking  can  be  measured  and  exactly  located.  If  all  other  investi- 
gations show  no  cause  of  weak  torque  during  the  rise  of  the  speed 
from  rest  to  synchronism,  the  relation  between  the  number  of  pole! 
and  slots  in  the  rotor  may  account  for  the  trouble.  This  »  ai 
unusual  condition,  but  on  squirrel  cage  motors  it  has  existed 
There  is  no  remedy  but  a  change  in  design,  so  that  the  manufacture] 
must  take  action  for  correction. 

155.  Squirrel  Cage  Armature  or  Rotor*  Troubles. — Unusual 
operation  due  to  reversals  of  phase,  phases  open-circuited,  and 
other  causes,  occur  with  squirrel-cage  armatures  as  well  as  wit! 
wound  armatures.  Poor  soldering  of  the  armature  bars  may  bi 
the  cause.  Sometimes  a  solder  flux  may  be  used  that  will  insun 
proper  operation  for  a  while,  but  time  will  develop  poor  electrica 
contacts  due  to  chemical  action  at  the  joints.  If  the  resistance! 
of  all  of  the  squirrel  cage  joints  are  uniformly  high,  the  effect  i 
simply  like  that  of  an  armature  having  a  high  resistance,  whid 
causes  a  lowering  of  the  speed  and  local  heating  at  the  joints.    I 

some  of  the  joints  are  perfect,  but  some  ba.d,  the  motor  may  noi 

have  the  ability  to  come  up  to  speed  and  \k«fc,*r^>»>aa&j^aflK» 

urrcnts.  _, 

156.    Effects  of  Unbalanced  Voltages  c®.  lMnmavm&M 

'e  maximum  output  of  a  polypViase  mducUon  w*«*  t* 
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naterially  decreased  if  the  voltages  impressed  on  the  differed 
phases  are  unequal.  On  a  three-phase  system,  the  three  voltage 
between  the  legs  1-2,  2-3  and  1-3  should  be  approximately  equa 
Also  on  a  two-phase  the  voltage  1-2  should  equal  3-4.  If  thes 
voltages,  impressed  on  the  induction  motor,  are  not  equal  th 
maximum  output  of  the  motor  as  well  as  the  current  in  the  variou 
legs  is  proportionately  affected. 

For  example,  with  a  two-phase  motor,  if  the  voltages  in  the  tw 
legs  differ  by  20  per  cent.,  a  condition  sometimes  met  in  norms 
practice,  the  output  of  the  motor  may  be  reduced  25  per  ceni 
Then,  instead  of  being  able  to  give  its  maximum  output  of,  sa) 
150  per  cent,  for  a  few  moments,  it  will  give  but  112  per  ceni 
Tne  varying  loads  which  the  motor  may  have  to  carry  may  shu 
ft  down.  In  cases  of  low  maximum  output,  the  relative  voltage 
on  the  various  legs  should  always  be  investigated.  If  they  var} 
the  trouble  may  be  due  to  this  variation. 

In  addition  to  the  effect  on  the  maximum  output,  the  unequ* 
distribution  of  current  in  a  two-phase  motor  under  such  condition 
may  be  quite  serious.  Consider  a  specific  case  of  a  1 5-h.p. ,  six-pol< 
1,200-r.p.m.,  22"o-volt  motor,  with  the  voltage  on  one  leg*  220  an 
the  voltage  on  the  other  leg  180;  current  in  leg  No.  1  was  60  amp 
and  in  leg  No.  2  35  amp.  at  full-load.  The  normal  current  a 
full-load  was  35  amp.  Thus  the  fuse  might  blow  in  the  phas 
carrying  the  high  current,  causing  the  motor  to  run  single-phas< 
If  an  attempt  is  made  to  start  the  motor  the  blown  fuse  not  bein 
noticed,  there  would  be  no  starting  torque. 

Consider  the  specific  case  of  a  six-pole,  10-h.p.,  1,200-r.p.m 
160-volt,  three-phase  motor.  The  motor  on  normal  voltage,  a 
full-load,  took  no  amp.  in  each  leg.  With  unbalanced  voltage 
of  161,  196  and  168,  only  full-load  could  be  carried,  althoug 
the  average  of  these  voltages  is  such  that  it  might  be  assume 
that  25  per  cent,  overload  should  be  carried. 

157.  Induction  Motor  Starting  Compensator  Troubles.— Som< 
times  a  mistake  is  made  in  the  connections  to  the  compensate)] 
so  that  full  voltage  is  used  at  starting  and  the  lesser  voltage  afte 
throwing  over*  the  switch.  Then  the  motor  at  starting  take 
excessive  current,  and,  since  the  maximum  output  is  in  proportio 
to  the  square  of  the  voltage,  the  motor  "capacity  is  much  reduce 
when  it  is  apparently  running  on  the  operating  position.  Sue 
action,  therefore,  can  usually  be  accounted  for  by  a  wrong  conne< 
tion  in  the  compensator.  Sometimes  a  motor  connected  to 
compensator  takes  more  current  at  starting  than  it  should,  unde 
which  conditions  a  lower  tap  should  be  tried.  Compensators  ai 
usually  supplied  with  various  taps  and  the  one  should  be  selecte 
which  produces  the  least  disturbance  on  the  line,  giving  at  th 
same  time  the  desired  starting  torque  on  the  motor. 

When  a  motor,  having  been  connected  to  a  compensator,  w\ 

not  start,  the  cause  may  be  entirely  in  the  com.pwvsa.toT.    T 

compensator  may  have  become  open-circuited,   due  to  a  ^ 

within.     The  switch  may  have  become  deranged,  so  t\\at  V\. 

wt  dose,  or  a  connection  within   the    compensator    mvf 

ccomc  loosened.    Possibly,  when  a  motor   wu\  not  *\*t\. 
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connected  to  a  compensator  just  installed,  a  secondary  coil , 

be  "bucked"  against  another  secondary  coll  within  the  compensa- 
tor so  that  no  voltage  is  produced  by  the  compensator  at  the 
motor.  This  results  in  no  particular  heating  and  in  no  apparent 
phenomenon  which  would  account  for  the  motor  not  starting, 
An  ammeter  in  the  motor  leads  will  indicate  the  absence  of  current, 
or  a  voltmeter  -.'.ill  indicate  the  absence  of  voltage. 

158.  Induction  Motor  Collector  Ring  Troubles. — It  is  essential 
that  the  contact  of  the  brushes  on  the  collector  rings  be  good,  else 
the  contact  resistance  will  be  so  great  as  to  slow  the  motor  down 
and  to  cause  heating  of  the  collector  itself.  This  effect  is 
ticularly  noticeable  when  carbon  brushes  are  used.  The  C( 
resistance  of  a  carbon  brush  under  normal  operation  pressure 
carrying  its  usual  density  of  current  (40  amp.  per  square  inc! 
0.04  ohm  per  square  inch.  Thus,  under  normal  conditions, 
drop  is  0.04X40,  which  equals  1.6  volts.  If  the  contact  is  only 
one-quarter  the  surface,  this  drop  would  be  6.4  volts,  and  might 
materially  affect  the  speed  of  the  motor.  Thus,  if  the  speed  is 
below  synchronous  speed  more  than  it  should  be  (normally  it  should 
not  be  over  4  per  cent,  below),  an  investigation  of  the  fit  of  the 
brush  upon  the  collector  may  show  up  the  trouble. 

If  copper  brushes  are  used,  this  trouble  is  much  less  liable  to 
occur,  since  the  drop  of  voltage,  due  to  contact  resistance  when 
running  at  normal  density  (150  amp.  per  square  inch),  is  onljf 
one-tenth  that  of  carbon.  The  same  trouhle  may  occur  due  to 
the  pigtail,  which  is  usually  used  with  carbon  brushes,  making 
poor  contact  with  the  carbon,  which  slices  I  he  same  effect  as  a  poor 
contact  with  the  collector  itself. 

159.  Hunting  of  Induction  Motors. — In  very  rare  cases  an 
induction  motor  will  hunt  and  cause  much  trouble.  The  phe- 
nomenon appears  as  a  speed  variation  of  j  or  2  ]ier  cent,  each  side  of 
the  normal  speed,  with  a  period  of  vibration  depending  upon  the 
conditions.     It  may  be  anywhere  from  10  to  500  swings  a  minute. 

This  rare  phenomenon  of  induction  motors  depends  upon  the 
drop  in  the  line  between  the  generator  operating  ihe  induction 
motor  and  the  motor  itself,  and  upon  the  design  and  slot  relation! 
of  field  and  armature.  It  will  cease  if  the  line  resistance  be  cut  out 
between  the  motor  and  the  generator.  If  this  is  not  possible, 
it  can  sometimes  be  slopped  on  a  three-phase  motor  by  changing 
from  delta-  to  Y-conneclion,  or  possibly  the  grouping  of  the  poles 
may  be  changed.     In  any  case,  the  flux  in  the  motor  is  altered. 

The  period  of  hunting  has  nothing  whatever  to  do  with  the 
hunting  of  the  generator.  Hunting  of  a  motor  may  occur  even 
though  the  generator  speed  is  exactly  uniform.  This  action  is  en- 
tirely distinct  from  a  variation  uf  the  uniformity  of  the  speed  of 
the  generator  due  to  the  engine  driving,  which  lack  of  uniformity 
is  repeated  by  the  motor  itself.  It  is  more  vicious  and  usually 
results  in  a  gradual  increase  ol  ampWtude  rn  ■=■«'>.«?,  ™x\\  \Ve  isotnt 
JSna//rge£s  swinging  so  badly  that  \\.  niwiVYj  \<tcaV5  .  Ao-ssti  mA  ass^ 
—  !-ely.  Ordinarily,  the  manufacturer  ***wP?™toVc>^1t^2EE 
mectiom  will  often  cure  the  trouUe  ^^SSZS?*^ 
■ation  until  a  permanent  correction.  w.&  ot  tfiewsy. 
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160.  Improper  End  Play  in  Induction  Motors. — Induction 
motors  are  so  designed  that  the  revolving  parts  will  play  endwise 
in  the  bearing;  iV  m-  or  so.  1 1"  in  sei  ting  up  the  machine  the  bear- 
ings so  limit  this  end  action  that  the  rotor  docs  not  lie  exactly  in 
the  middle  of  the  stator,  there  is  a  strong  magnetic  pull  tending 
to  center  the  rotor.  If  the  bearings  will  not  permit  this  center- 
ing, the  thrust  collars  must  take  the  extra  thrust  which,  in  on  in- 
duction motor,  is  considerable.  If  in  addition  to  the  magnetic 
thrust  the  belt  pull  is  such  as  to  also  draw  in  the  same  direction, 
the  trouble  is  increased.  The  end  force  may  be  such  as  to  heat 
the  bearing  excessively  and  to  cause  cutting,  soon  rendering  the 
motor  inoperative. 

In  case  of  trouble  ivilh  Hearings,  the  end  play  should  be  tested 
by  pushing  against  the  shaft  with  a  small  piece  of  wood,  placed  on 
the  shaft  center.  With  the  machine  operating  under  normal 
condition;  there  should  He  no  p;irLirular  difucully  in  pushing  the 
shaft  first  one  way  from  one  side,  and  then  the  other  way  from  the 
other  side.  If  it  is  found  that  the  revolving  part  is  hugging  closely 
against  one  side,  the  trouble  can  He  corrected  either  by  pressing 
the  spider  along  the  shaft  in  a  direction  toward  which  the  hugging 
is  occurring,  or  by  driving  the  tops  of  the  lamination  teeth  in  the 
sime  direction.  With  a  wooden  wedge,  the  lops  of  the  teeth  can 
often  be  without  any  difficulty  driven  over  j>  to  ft  in.  This  move- 
ment will  usually  correct  the  trouble.  Driving  the  teeth  of  the 
stator  i  in.  or  so  in  the  opposite  direction  to  that,  of  the  end  thrust 
will  usually  accomplish  the  same  result.  It  is  best  to  choose  the 
teeth  (stator  or  rotor)  Which  are  most  easily  driven  over.  The 
thin  long  ones  move  easier  (hnn  do  the  short  broad  ones. 

161.  Oil  Leakage  of  Induction  Motors. — Sometimes  a  bearing 
will  permit  oil  to  be  drawn  out.  perhaps  a  very  little  at  a  time. 
Ultimately  enough  will  ac- 
cumulate to  show  on  the 
outside  or  on  the  windings 
of  the  machine.  While  a 
motor  will  run  fpr  a  period 
with  its  windings  wet  with 
ordinary  lubricating  oil 
without  being  apparently 
injured,  insulation  soaked 
with  oil  will  deteriorate 
and  eventually  fail. 

One  of  the  principal 
causes  is  a  suction  of  the 
oil  due  to  the  drafts  i 


Pic.  i 


1  leakage. 


r  from  the  rotor,  and  one  of  the  best 
methods  of  stopping  the  trouble,  under  ordinary  conditions,  is  to 
cut  grooves  as  shown  in  Fig.  72  at  B  and  D.  These  grooves  on 
a  50-h.p,  motor  may  be  (  in.  deep  and  fe  in.  w\4e.  'EacV  powe 
has  three  holes  drillctl  thruutzh  the  bearing  shett  to  coiwev  'Ctvt'ii. 
collected  by  the  grooves  into  the  oil  well.  These  grooves  ae  Vas*- 
egccunwith  a  split  as  with  a  solid  bearing.  Uia\n«!«wfl*» 
e  various  causes  of  oil  leakage.     TVie  fctooN 


=:;iw«'  ■• 


a  general  remedy  and  cover  many  cases. 


eas 
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161.    General  Summary  of    Synchronous -Motor    Troubles.— 
Failure  of  a  synchronous  motor  to  start  is  often  due  to  faulty  I 
connections  in  the  auxiliary  apparatus.     These  should  be  carefully 
inspected  for  open  circuits  or  poor  connections.     An  open  circuit  1 
in  one  phase  of  the  motor  itself,  or  a  short-circuit  will  prevent  the  I 
motor   from   starting.     Most   synchronous   motors    are    provided  1 
with  an  ammeter  in  each  phase,  so  thai  the  last  two  causes  can  b<  J 
determined  from  their   indications — no   current  in   one   phase  in 
case  of  an  open  circuit,  and  excessive  current  in  case  of  a  short- 
circuit.     Either  condition  will  usually  be  accompanied  by  a  decided 
buzzing  noise,  and  in  case  of  a  short-circuited  coil,  it  will  often  be  1 
quickly  burned  out.     The  effect  of  a  short-circuit  is   sometimes 
caused  by  two  grounds  on  the  machine. 

Starting  troubles  should  never  be  assumed  until  a  trial  has  been 
made  to  start  the  motor  light,  that  is,  with  no  load  except  its  own   I 
friction.     It  may  be  that  the  starting  load  is  too  great  for  the  motor. 

If  the  motor  starts  but  fails  to  develop  sufficient  torque  to  carry 
ils  load  when  the  field  circuit  litis  been  closed,  the  trouble  will  usu- 
ally be  found  in  the  field  circuit.  First,  determine  whether  or  not 
the  exciter  is  giving  its  normal  voltage.  Assuming  the  exciter 
voltage  to  be  correct,  the  trouble  will  probably  be  due  to  one  of  the 
following  causes,  (i)  Open  circuit  in  the  field  winding  or  rheostat 
or  (2)  short-circuit  or  reversal  of  one  or  more  of  the  field  spools.  t 
Open  circuit  can  often  be  located  by  inspection  or  by  use  of  the 
magneto. 

The  majority  of  field  troubles  are  caused  by  excessive  induced 
Voltage  ul  start,  or  by  the  field  circuit  being  broken.  This  excessive 
voltage  may  break  down  the  insulation  between  field  winding  and 
frame  or  between  turns  on  any  one  field  spool,  thus  short-circuiting 
one  or  more  turns,  or  it  may  even  burn  the  field  conductor  off, 
causing  an  open  circuit. 

Causes  of  overheating  in  synchronous  motors  are  about  the  same 
as  those  in  alternating-current  generators.  Probably  the  most 
common  cause  of  overheating  i*  f-xt't-ssive  armature  current  due  10 
an  attempt  to  make  the  motor  carry  its  rated  load,  and  at  tie  same 
time  compensate  for  a  power  factor  lower  than  that  for  which  it 
was  designed.  If  the  motor  is  not  correcting  low  power  factor, 
but  doing  mechanical  work  only,  the  field  current  should  be  ad- 
justed so  that  the  armature  field  is  a  minimum  for  the  average 
load  that  the  motor  carries. 

163.  Difficulties  hi  Starting  Synchronous  Motors. — A  synchron- 
ous motor  is  weaker  in  starting  than  is  an  induction  motor.  In 
general,  however,  a  synchronous  motor  will  start  itself  and  perhaps 
a  very  light  load.  Starting  requires  no  field  current  as  the  fiui 
which  tends  to  start  the  motor  is  not  the  flux  that  operates  it  when 
it  is  up  to  speed.  In  starting,  the  field  current  is  lagging,  and  a 
Jagging  current  tends  to  pull  down  the  voltage  on  the  supply 
circuit,  hence  tends  to  lower  the  applied  vo\va?.e.  Tot  Wat™*, 
orque,  as  in  an  induction  motor,  is  piowKtioTvA  \n  ftve  =«fiaxto\. 
applied  voltage.  For  example,  it  ***  vo\\a.£e  w.  ^-^ 
■ —  effort  is  quartered.      When  a  synchro™**  mi 
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start,  it  may  be  because  the  voltage  on  the  line  has  been  pulled 
down  below  the  value  necessary  for  starting. 

In  general,  at  least  half  voltage  is  required  to  start  a  synchronou* 
motor.     Difficulty  in  starting   may  also  be  caused  by 
circuit  in  one  of  the  lines  to  the  motor.     Assume  the  mc 

three-phase.     If  one  of  the  lines  is  open  the  motor  becom 

phase,    and   no   single-phase  synchronous  motor,  as  such,  is  self 
starting.     The  motor  will,  therefore,  not  start,  and  w'" 
hot.     The  same  condition  is  true  of  a  two-phase  motor,  i 
phases  is  open -circuited. 

Difficulty  in  starting  may  be  due  to  a  rather  slight  increase  in 
static  friction.  It  may  be  that  the  bearings  are  too  tight,  perhaps 
from  cutting  during  the  previous  run.  Excessive  belt  tension, 
in  case  the  synchronous  motor  is  belled  to  its  load,  or  any  cause 
which  increases  start  iisj*  friction  will  |>>\ibai'ly  :.:ivc  trouble.  Diffi- 
culty in  starting  may  be  Hue  to  field  excitation  being  on  the  motor. 
After  excitation  exceeds  one-quarter  normal  value,  the  starting 
torque  is  influenced.  With  full  field  on,  most  synchronous  motors 
will  not  start  at  all.  If  the  proper  voltage  is  applied  to  a  motor, 
and  the  circuits  are  all  closed  except  the  field  ,in  nil  and  the  friction 
is  a  minimum,  and  still  the  motor  will  not  start,  the  fault  is  probably 
with  the  manufacturer.  Pole  pieces  often  receive  extra  starting 
windings  or  conducting  bridges  are  provided  between  the  pole 
pieces  to  assist  in  sl.ari.inK.  Possibly  Iho  manufacturer  in  shipping 
may  have  omitted  these  devices.  In  such  cases  one  must  refer 
to  the  factory. 

Usually  compensators  are  used  for  starting  synchronous  motors. 
If  there  is  a  reversed  phase  in  a  compensator,  or,  if  the  windings 
of  the  armature  of  the  synchronous  motor  are  connected  incorrectly, 
there  will  be  bttle  starting  torque.  Incorrect  connection  can  be 
located  by  noting  the  unbalanced  entering  currents.  Readings 
to  determine  this  unbalancing  should  be  taken  with  the  armature 
revolving  slowly.  The  revolving  can  be  effected  by  any  mechanical 
means.  While  the  motor  is  sLimliiic  still,  even  with  correct  con- 
nections, the  armature  currents  of  the  three  phases  usually  differ 
somewhat.  This  is  due  to  the  position  of  the  poles  in  relation  to 
the  armature,  but  when  revolving  slowly,  I  lie  currents  should  aver- 
age up.  If  the  rotor  cannot  be  revolved  mechanically,  similar 
points  on  each  phase  of  the  armature  must  be  found.  Then  when 
the  rotor  is  set  successively  at  these  points  the  currents  at  each 
setting  should  be  the  same.  Kach  phase  whin  located  in  a  certain 
specific  position  as  related  to  a  [">k\  should,  with  right  connections, 
take  a  certain  specific  current.  With  wrong  connections,  the  cur- 
rents will  not  be  the  same. 

164.    Open  Circuit  in  the  Field  of  a  Synchronous  Motor. — If 
in  the  operation  of  a  synchronous  motor  the  field  current  breaks 
lor  any  reason,  the  armature  current  will  \atgeVy  met  east ,  eass™.^, 
either  a   shut-down   or   excessive   heat.      It  become?,  \vwpra>tvm«\., 
therefore,  in  synchronous  motors  to  have  the  tc\A  t\«.\nS-  ^nw.- 
neatly  established. 
165.     Short-circuit   in 
"tar. — A  short-circuit  it 

16 
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bums  it  out  completely,  charring  it  down  to   the  bare  copper. 
When  this  occurs,  the  symptoms  are  so  evident  that  there  is  no 
difficulty   in   identifying    the   trouble.     Such   a   coil    may   under   I 
ordinary  circumstances  be  cut  out  and  operation  continued.    In    I 
an  induction  motor,  the  current  in  the  short-circuited  coil  rises  only    I 
to  a  certain  value,  but  heats  it  many  limes  more  than  normal 
It  is  not  necessarily  burned  out  immediately,  and  perhaps  it  may 
not  be  burned  out  at  alL 

166.  Hunting   of  Synchronous  Motors. — Synchronous  motors, 
served  by  certain   primary  sources  of  energy,   tend   to   "hunt." 
The  periodicity  of  the  swinging  is  del  ermincd  by  properties  of  the    1 
armature  and  the  circuit.     It  may  reach  a  certain  magnitude  and    I 
there  stick,  or  the  swinging  may  increase  until  finally  the  motor    I 
breaks  down  ;■'.  I    .  ■■        ■  -. l " ■  I ■    n-'.i.ilh   ■■>  -curs  en  lony:  liai'i 
having  considerable  resistance  between  the  source  of  energy  and 
the  synchronous  motor.     Sometimes   it   occurs   under   the   most 
favorable  conditions.     Irregular  rotation  of  a  prime  mover,  such    I 
as  a  single-cylinder  steam  engine,  is  often  responsible  for  the  trouble.    I 
The  usual  remedy  is  to  apply  to  the  poles,  bridges  of  copper  or 
brass  in  which  currents  are  induced  by  the  wavering  of  the  armature.    1 
These  currents  tend  to  stop  the  motion.     Different  companies  use 
different  forms  of  bridges.     When  hunting  or  pulsating  occurs, 
and  (he  motor  is  not  already  equipped  with  bridges,  it  is  best  to 
consult  the  manufacturer.     In  general,  the  weaker  the  field  on  a     ' 
synchronous  motor,  the  less  the  pulsation.     Sometimes  pulsation     I 
may  be  so  reduced  that  no  trouble  results  by  simply  running  with  a 
somewhat  weaker  field  current. 

167.  Improper  Armature  Connections  in  Synchronous  Motors  — 
This  trouble  usually  manifests  itself  by  unbalanced  entering  cur- 
rents and  by  a  negligible  or  very  low  starting  torque.  The  circuits 
should  be  traced  out  and  the  connections  remade  until  Lhe  three 
entering  currents  for  three-phase,  or  the  two  entering  currents  (or 
two-phase,  are  approximately  equal.  These  currents  will  not  be 
equal  even  with  correct  connection  when  the  armature  is  standing 
still. 

168.  Polarity  of  Synchronous  Motors. — Since  the  winding  of  a 
synchronous  motor  armature  is  in  series  all  the  way  around  the 
circumference  and  under  all  of  the  poles.  tM.tpt  in  exceedingly 
rare  cases,  the  trouble  from  a  reversed  pule  is  much  less  serious  than 
with  an  induction  motor  or  direct-current  machine.  With  a 
reversed  pole  everything  operates  fairly  well.  The  only  trouble  is 
that  the  fields  require  more  current  than  they  should  because  of 
the  pole  that  is  opposing  the  field.  If,  therefore,  excessive  field 
current  is  required  for  minimum  input  to  a  motor,  it  15  a  good  plan 
to  test  the  polarity  of  all  the  spools  with  a  compass. 

169.  Bearing  troubles  of  synchronous  motors  are  similar  to 
those 0/  induction  motors.     A  difference  is  thai,  with  a  synchronous 

motor.  Lhe  air-gap  between  the  revt.HiM.  iWiiv-m  AvA\J\e>j*i«sa 
\telativelv  forge,  so  that  the  wearing  ui  \\ic  \jeaxmfc.,  \i\t1A1  ■Ctspra* 

k  armature  out  of  center,  is  not  so  scriuu-i  a*  \v\yVi  a.\\  Yw.\«v,y.v. 
it.      End  play  should  bo  treated  fee  wn*  •»  *^  »*  «*»»** 
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170.  Bearing  Troubles  of  Motors  and  Generators. — Modern 
generators  and  motors  have  self-oiling  bearings.  They  should  be 
filled  to  such  a  height  that  the  rings  ■■ill  carry  sufficient  oil  upon 
the  shaft.  If  the  bearings  are  too  full,  oil  will  be  thrown  out  along 
the  shaft.  Watch  the  bc-arinirs  carefully  from  the  time  the  machine 
is  first  started  until  the  bearings  are  warmed  up,  then  note  the  oil 
level.  The  expansion  of  the  oil  due  to  heal  and  foaming  raises  the 
level  considerably  during  that  time.  The  oil  should  be  renewed 
about  once  in  six  months,  or  oftener  if  it  becomes  dirty  or  causes 
the  bearings  to  heat. 

The  bearings  must  be  kept  clean  and  free  from  dirt.  They 
should  be  examined  frequently  1o  sec  that  the  oil  supply  is  properly 
maintained  and  that  the  oil  rings  do  not  stick.  Use  only  the  best 
quality  of  oil.  New  oil  should  be  run  through  a  strainer  if  it 
appears  to  contain  any  fordiin  substances.  If  the  oil  is  used  a 
second  time  it  should  firsl  lit'  filtered  and,  if  warm,  allowed  to  cool. 
If  a  bearing  becomes  hot,  first  feed  heavy  lubricant  copiously, 
loosen  the  nuts  on  the  bearing  cap,  and  then,  if  the  machine  is 
belt  connected,  slacken  the  hell..  If  no  relief  is  afforded  by  these 
means,  shut  down,  keeping  the  machine  running  -slowly  until  the 
shaft  is  cool,  in  order  that  the  bearing  may  not  "freeze."  Renew 
the  oil  supply  before  start ins  again.  A  new  machine  should  always 
be  run  at  a  slow  speed  lot  an  hour  or  so  in  order  to  see  that  it  ope- 
rates properly.  The  bearings  should  be  inspected  at  regular  infer- 
to  insure  that  they  always  remain  in  good  condition.  The 
ler  the  speed,  the  more  care  should  be  taken  in  this  regard, 
warm  bearing  or  "hot  box"  is  probably  due  to  one  of  the 
following  causes:  (1)  Excessive  belt  tension.  (2)  Failure  of  the 
nil  rin^s  to  revolve  with  the  shaft.  (3)  Rough  bearing  surface. 
(4)  Improper  lining  up  of  bearings  or  fitting  of  the  journal  boxes. 

STARTING  AND  CONTROLLING  DEVICES  FOR  MOTORS 

'i.  The  National  Code  rules  require  that  each  motor  and  its 
.  —  ter  be  protected  by  fuses  or  a  circuit-breaker  and  controlled 
by  a  switch  which  must  plainly  indicate  whether  on  or  off.  The 
switch  and  cut-out  (fuses  or  circuit-breaker)  are  preferably  located 
near  the  motor  and  in  plain  >iurltt  of  it.  All  wiring  should  be  neat 
and  workmanlike  and  the  wires  should  be  run  in  conduit  wher- 
ever possible. 

172.  Speed  Control  of  Direct-current  Electric  Motors.  Rheo- 
stats {The  Electric  Controller  &•  Mfg.  Company).— A  direct- 
Current  motor  of  any  capacity,  when  its  armature  is  at  rest,  offers 
a  very  low  resistance  to  the  flow  of  current  and  an  excessive  and 
perhaps  destructive  current  would  flow  through  it  if  it  were  con- 
nected directly  across  tin  supply  mains  while  at  tesA.  Cr.re,\&w 
3  motor  adapted  to  a  normal  full-load  current  of  too  a.nvr>.  axAVaN- 
iag  a  resistance  of  o  .75  ohm;  if  this  motor  were  Mm.necX.eA  aems 
££Tyolt  ?FCU!,t  a  curront  of  r.ooo  amp.  wou\d  ftow  Xiwmvgo^ 
(toSilU^Trf  l™r<Js' iL  would  be  overloaded  Qoo  pn  cwfi..  ^ 

Caaw?uenl  dat^er  "> '*  windings  and  also  to  fta£  tow  W* 
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In  the  case  of  the  same  motor,  with  a  rheostat  having  art 
3.15  ohms  inserted  in  the  motor  circuit,  at  the  time 
the  total  resistance  to  the  flow  of  current  would  be  die  n 
the  motor  (0.25  ohm)  plus  the  resistance  of  the  rheostat  (2.75 
ohms),  or  a  total  of  1.5  ohms.  Under  these  conditions  exactly  full- 
load  current,  or  100  amp,,  would  flow  through  the  motor,  and  ni ''' 
the  motor  nor  the  driven  machine  would  be  overstrained  in  !___ 
ing.  This  indicates  tin  necessity  of  a  rheostat  for  limiting  the  fit 
of  current  in  starting  the  motor  from  rest. 

An  electric  motor  is  simply  an  inverted  generator  o_  _^_ 
consequently  when  its  armature  begins  to  revolve  a  voltage 
generated  within  its  winding?  just  as  a  voltage  is  generated  in  ti 
windings  i)f  a  generator  when  driven  by  a  prime-mover.  'ni 
voltage  generated  within  the  moving  armature  of  a  motor  e 
the  voltage  of  the  circuit  from  which  the  motor  is  supplie  , 
hence  is  known  as  a  "counter-electromotive  force."  The  net 
voltage  tending  to  force  current  through  the  armature  of  a  motor 
when  the  motor  is  running  is,  therefore,  the  line  voltage  minus  the 
counter-electromotive  force. 

In  the  case  of  the  motor  above  cited,  when  the  armature  reaches 
such  a  speed  thai  a  voltage  of  1  75  is  generated  within  its  windings, 
the  effective  voltage  will  be  250  minus  125,  or  us  volts,  and, 
therefore,  the  resistance  of  the  rheostat  may  be  reduced  to  1  ohm 
without  the  full-load  current  of  the  motor  being  exceeded.  As  ti* 
armature  further  increases  its  speed,  the  resistance  of  the  rheostat 
may  be  further  reduced  until,  when  the  motor  has  almost  reached 
full  speed,  all  of  the  rheostat  may  be  cut  out,  and  the  counter- 
electro  mo  live  force  generated  by  the  motor  will  almost  equal  the 
voltage  supplied  by  the  line  so  that  an  excessive  current  cannot 
flow  through  the  armature. 

In  practice,  a  rheostat  is  provided  for  starting  a  direct-current 
electric  motor.  The  conductor  providing  the  resistance  is  divided 
into  sections  and  is  so  arranged  that  the  entire  length  or  maximum 
resistance  of  the  rheostat  is  in  circuit  with  the  motor  at  the  instant 
of  starting  and  that  the  effect  ive  lengl  h  of  the  conductor,  and  hence 
its  resistance,  may  be  reduced  as  the  motor  comes  up  to  speed. 

In  cutting  out  the  resistance  of  a  starting  rheostat  care  must  be 
used  not  to  cut  it  out  too  rapidly.  If  the  resistance  is  cut  out  more 
rapidly  than  the  armature  can  speed  up,  a  sufficient  counter-electro- 
motive force  will  not  be  generated  to  properly  oppose  the  flow  of 
current,  and  the  motor  will  be  overloaded. 

173.  Rheostatic  Controller.— If  all  the  resistance  of  the  starting 
rheostat  (see  above  paragraph)  is  not  cut  out,  the  motor  will 
operate  at  reduced  voltage,  and  hence  at  less  than  normal  speed. 
A  rheostat  so  arranged  that  all  or  a  portion  of  its  resistance  maybe 
left  in  a  motor  circuit  to  secure  reduced  speeds  is  called  a  "rheo- 
»ntroller."  Such  rheostatic  controllers  are  used  for  con- 
series  "and  compound- wound  mouns  iiWra*,  cvanes  ami 
machinery  requiring  vaiiaVAe  sped  imv4«  \.Ve  cmwA  ■& 

In  a  series-wound  motor  the  speed  ^wrosisweiwYj  **■&* 
'e  lighter  the  load  the  highd  the  apeci. 
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motor  of  nny  size,  when  supplied  with  full  voltage  under  no-load,  or 
a  very  light  load,  will  "run  away"  just  as  will  a  steam  engine  with- 
out a  governor  when  given  an  open  throttle. 

For  a  given  load,  a  scries- wound  motor  with  its  rheostat  ir 
draws  the  same  current  irrespective  of  the  speed  and  for  a  given 
load  the  speed  varies  directly  as  the  voltage.  The  speed  at  a  given 
load  may  be  varied  In'  van  ing  the  refinance  in  the  motor  ci 
ia  the  meantime  if  the  load  on  the  motor  be  constant  the  ci 
drawn  from  the  line  will  he  riinslaril  regardless  of  the  speed. 

175.  Shunting  the  Field  of  a  Series  Motor.— The  above  state- 
ments relate  to  the  use  of  a  rheostat  in  series  with  a  series-wound 
motor.  If  a  resistance  or  rheostat  be  placed  in  parallel  with  the 
field  of  a  series-wound  motor  the  speed  will  In;  increased  instead  cf 
decreased  at  a  given  load.  This  is  known  as  shunting  the  field  of 
the  motor.  This  shunt  would  never  be  applied  till  the  motor  has 
been  brought  up  to  normal  full  speed  by  cutting  out  the  starting 
resistance.  With  a  "shunted  field"  a  motor  drives  a  load  at  a 
speed  higher  than  normal  and  therefore  requires  a  correspondingly 
increased  current. 

176.  Shunted  Armature  Connection  of  a  Series  Motor.— 
resistance  is  placed  in  parallel  with  the  armature  of  a  series  m 
the  motor  will  operate  at  less  than  normal  speed  when  all  the 
starting  resistance  has  been  cut  out.  This  connection  is  known  as 
a  "  shunted  armature  ronnei.  lion"  and  is  useful  where  a  low  speed 
is  desired  at  light  loads  and  is  particularly  useful  in  some  cases 
where  the  load  been  rues  a  negative  one,  that  h.  where  the  load 
tends  to  overhaul  the  motor.  a  =  in  lowering  a  heavy  weight. 

177.  Speed  Control  of  Shunt-wound  Motors.— A  shunt-wound 
motor,  unlike  a  series  motor,  when  supplied  with  full  voltage, 
maintains  practically  a  constant  speed  regardless  of  variations  ii 
load  within  the  limits  of  its  capacity.  It  automatically  acts  like  i 
steam  engine  having  a  very  efficient  governor.  The  speed  of  a 
shunt-wound  motor  may  he  (Vcna-cl  below  normal  by  a  rheoslalic 
controller  in  scries  with  iis  armature  ami  may  lie  increased  above 
normal  by  means  of  a  rheostat,  in  series  with  its  In  1  < I  winding.  The 
latter  rheostat  is  known  as  a  "  field  rheostat."  ami,  to  be  effective, 
must  have  a  high  resistance  owing  to  the  small  current  which  flows 
through  the  shunt  field  winding. 

178.  Speed  Control  of  Compound -wound  Motors.— A  con 

pound-wound  motor  is  a  hybrid  between  a  scries  and  shunt-woun 
motor  and  its  characteristics  are  likewise  of  a  hybrid  nature.     . 
compound-wound  motor  will  not  "  run  away"  under   no-load  : 
will  a  scries  motor,  but  its  speed  decreases  as  the  load  increase 
though  not  so  rapidly  as  is  the  case  with  a  series-wound  motol. 
The    characteristics   of   the    compound -wound    motor    render    it 
particularly  valuable  in  cases  where  the  load  is  subject  to  wide 
variation.     It  will  give  a  strong  torque  in  starting  a.ti.4  ArWm% 
heavy-  )oads  and  at  the  same  time  will  not  race  &3.ti?,e\ovki,Vj  siViren. 
the  load  is  suddenly  relieved. 
The  speed  of  .1  compound- wound,  motor  may  be  Te&u.e.eA\>iiw» 
iormal  by  means  of  a  r/ieosUt  m  the  circuit  ofUs,  irmitrat.     T^' 
werfmvte  increased  above  normal  by  shunting  and  ev*^*W 
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circuiting  the  scries  field  winding,  and  may  be  still  further  in.  I 
creased  by  means  of  a  field  rheostat  in  series  with  the  shunt  field  ' 
windi  ng. 

179.  In  starting  a  direct -current  motor  (see  Fig.  73),  dose  the  I 
line  switch  and  move  the  operating  arm  of  the  rheostat  step  by  step  | 
over  the  contacts,  waiting  a  few  seconds  on  each  contact  for  the  L 
motor  speed  to  accelerate.  If  this  process  is  performed  loo  quickly  I 
the  motor  may  be  injured  by  excessive  current;  if  too  slowly,  the 
rheostat  may  be  injured.  If  the  motor  fails  to  start  on  [he  firs: 
step,  move  promptly  to  the  second  step  and  if  necessary  to  Iht  I 

is  made  when  the  third  step  \i  ' 
allow  the  starter  handle  t " 
return  to  the  off  post-  I 
tion,    and     look,    for 

overload,  etc.  The  \ 
time  of  starting  a  j 
motor  with  full-load  I 
torque  should  not,  as  I 
a  general  thing,  a-  I 
ceed  15  sec.  for  rheo-  | 
stats  for  motors  of  j 
h.p.  and  lesser  output, 
and  30  sec.  for  those  I 
of  greater  output, 

180.  In  stopping  a  direct -current  motor,  open  the  line  switch. 
The  arm  will  return  automatically  to  the  off  position.  Never 
force  the  operating  arm  of  any  automatic-starting  rheostat  hack 
to  the  of!  position. 

181.  Starting  rheostats  for  shunt-,  compound-  and  series-wound 
direct-current  motors  vary  somewhat  in  detail,  design,  and  method 
of  connection  with  the  ideas  of  the  different  manufacturers.  The 
rheostat  shown  in  Fig.  73  is  fairly  typical  of  those  for  starting 
motors  of  outputs  up  to  120  h.p. 

181.    The  low-voltage  release  device  on  a  starting  rheostat 

consists  of  a  spring,  '.vhidi  It  in  Is  !>■  n-i  urn  ill  si  operating  arm  to  the 
o_T  position,  and  an  electromagnet,  which,  under  conditions  of 
normal  voltage,  holds  the  operating  arm  in  the  running  position. 
The  coil  of  litis  magnet  is  regularly  connected  across  the  circuit 
with  a  protecting  resistance  in  scries,  but  can  be  connected  in  series 
with  the  shunt  field  ot  the  motor  if  specially  required.  If  the  vol- 
tage drops  below  a  predetermined  value,  the  arm  is  released  and 
returned  by  the  spring  to  the  off  position. 

183.  Arcing  Devices  on  Starting  Rheostats. — Arcing  tips  con- 
sisting of  pivoted  fingers  are  sometimes  mounted  near  the  point 
where  the  circuit  is  opened.  In  passing  to  the  off  position,  a  lug 
on  the  end  of  the  arm  strikes  and  deflects  the  tip,  which  is  in  elec- 
trical connection  with  the  first  stationary  contact;  the  current  is 
diverted  to  the  tip,  which  snaps  back  when  released  and  opens  the 
it  very  quickly,  thus  rupturing  the  arc.  Blow-out  coils  can  be 
'    '  '  ehiad  the  first  contact  and  VvW  Atavupv  aivj  jk  tinned 
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184.  Overload  Release  Device  on  Starting  Rheostats.— 
"his  devica,  which  is  not  illustrated,  includes  an  electromagnet, 
fbich,  in  case  of  overload,  ai  tracts  it  j  armature  and  forces  an  insu- 
lting wedge  between  two  contacts,  separating  them  and  thereby 

Eening  the  circuit  of  .,  .-.  . 
6  low-voltage  release 
nagnet.  The  opera  t- 
ng  arm  returns  itnm.e- 
liatcly  to  the  off  pot- 
ion. With  some  de- 
■ices,  the  attraction  of 
he  armature  forces  two 
on  tacts  closed  which 
ilaces  a  short-circuit 
irouud  the  low-voltage 
elease  magnet  thereby 
le-energizing  it  and 
jcrmitting  the  opcral- 
nj  arm  to  return  to 
he  off  position.  It 
ihould   be   noted   that     „  „, 

the  National  Code  F,a-  M.-Dir«t.ciHreirt  motor  starting  panel*, 
rules  require  the  use  of  fuses  or  circm  [.-breakers  with  each  rheostat 
even  though  it  be  equipped  with  an  overload  release  of  this  nature. 

185.  Starting  panels  for  direct-current  motors  are  shown  in 
Figs.  74  and  75.  Panels,  of  which  the  illustrations  are  typical,  are 
very  desirable  in  that  they  concentrate  all  of  the  apparatus  for 

the  motor's  control  at  one  point  and 
greatly  simplify  the  wiring.  Where  such 
a  panel  is  used  it  is  merely  necessary  to 
run  the  two  line  wires  to  the  line  termi- 
nals of  the  panel  and  the  three  leads  be- 
tween the  motor  and  the  panel  and  the 
installation  is  ready  for  operation.  The 
dcsisrif  ni"  different  manufacturers  vary 
in  details.  The  panels  can  be  obtained 
lor  either  front  or  rear  connection  and 
with  circuit-breakers  or  fuses  for  overload 
protection.  Which  is  preferable  is  de- 
termined by  the  characteristics  of  the 
installation  in  question. 

The  advantages  and  disadvantages  of 
protection  of  each  type  may  he  summed 
thus:  (1)  Fuses  have  a  time  element  that 
circuit-breakers   do   not   have;    that   is, 

lc   7J wiring  diagram     *uses  w'1  not  °Pen  an  overloaded  circuit 

if  typical  starting  panel,  a?  quickly  as  circuit-breakers.  For  this 
reason  fuses  may  be  preferable  for  motors 
tat  are  liable  to  very  brief  overloads,  especially  where  expert 
ipervision  of  electrics]  apparatus  is  maintained,  as  to.\«?,«  twSs 
id  factories.  A  supply  of  extra,  fuses  must.  \>e  ^evA.  ,vsi\V,v\.\c 
iere  there  are  many  /use  replacements  the  cost  ot  Uise 
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The  field  resistance  ia  cut  in  and  out  hy  a  rotating 
contact  buttons  in  all  but  the  largest  controllers-  for  which 
is  used.     Arc  shields  between  drum  segments  and  blow-ou 
provided  where  necessary.     The  controllers  can  t 
provide  dynamic  braking.     Speed  ranges  of  from 
possibly,  [  to  6  are  usually  provided. 

187.     Operation  of  Rotary  or  Machine-tool  Type  Control 
(See  Figs,  09,  77  and  78.)     Continuous  movement  of  the  ™— 
handle  in  either  direction  first  starts  the  motor  in  the  corr 
direction  of  rotation,  then  cuts  out  the  starting 
finally  cuts  in  the  field  resistance  until  the  desired  running 
reached.     The  handle  should  be  moved  over  the  starting 

not  over  15  sec.  for  motors  of  possibly  to  h.p.  capacity 

>t  over  30  sec.  for  larger  motors.     The  starting 

it  be  used  for  speed  control. 

For  a  quick  stop  when  operating  with  weakened  field, 
handle  quickly  to  the  first  running  notch,  hold  it  there  m< 
and  then  move  it  to  the  off  position;  the  application  of  fu 
strength  when  the  speed  is  high  causes  dynamic  braking 
checking  the  speed  quickly  and  without  shock.  For  a  v 
emergency  stop,  the  handle  can  be  moved  to  the  first 
notch  after  checking  the  speed  by  dynamic  braking,  but  this 
tion  causes  seven-  rju'chanic;;l  ami  electrical  stresses;  this  re\ 
should  never  bt  carried  beyond  the  first  notch.  When  the 
e  at  rest  for  any  length  of  time,  open  the  line  switch. 


__  non-automatic  starting  and  speed  -ad  ju  stk  „ 
r  direct-current  motors  is  shown  in  Fig.  7g.  This  devic 
i  low-voltage  or  overload  protection  hence  is  suitable  o 
'plications  where  skilled  attendance  is  available.  The  ope 
m  makes  contact  as  it  is  revolved  between  the  circular 
d  the  resistance  contact  buttons.  There  are  a  number  o 
otrol  steps,  hence  close  speed  adjustment  over  a  c 
'*e  can  be  obtained.  The  contact  buttons  of  the  im 
tent  are  connected  to  the  starting  icsistot  a.tii\\ie 
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.d- 


:er  circle  are  connected  with  the  running  resistor. 

the  following  paragraph  describing  the  operation  of  the 
will  render  clear  the   pri:u  ijslt-s  involved. 

Operation  of  a  Won -automatic  Starting  and  Speed-ad  just- 
sostat. — (Fig.  79.)  To  start  the  motor,  close  the  line  switch  or 
breaker  and  move  the  operating  arm  of  the  rheostat  over  the 
I  buttons  to  the  first  running  position  (the  point  where  the 
r  contacts  overlap).  A  motor  starting  with  full-load  torque 
be  brought  to  this  point  in  approximately  15  sec.  Further 
lent  of  the  operating  arm  increases  the  motor  speed  by  field 
The  motor  can  be  operated  continuously  with  the  arm 

field  contact  button,  hut  with  rheostats  of  this  design  must 


allowed 
arting  button. 


s.     To  protei 

in  case  of  failure  01 

wer  supply  and  its 

itor  has  stopped,  a 

Itage    release    cir- 

eaker     should    be 

id    in    series    will 

leostat.     TherhcB- 

ndle  in  11st  be  in  ike 

'lion  before  the  cir- 

eaker     is     closed. 

ijihome   Electric  e> 

uctiir'uig  Ciiili  t>iiny.\ 

.    Field    relay 

;s      are      required 

separate  rheostats 

^d  for  starting  and 

ling  the  speeds  of 

.     This  is  required 

National  Code  rule  to  prevent  the   possibility  of   starling 

>r   with   weakened  field.     The  switch,   shown  in  Fig.  80, 

;d  under  the  starter  handle  accomplishes  this  function  by 

ircuiting  the  Geld  rheostat  ('.urine  iiccelcralion  so   that   the 

must  always  start  with  full  field  regardless  of  the  position 

ieh.l  rhuostat  arm.     Tin.'  switch  shown,  or  a  similar  one,  can 

ilied   to   ordinary   starting   and  speed-regulating   rheostats 

lerally  should  be  mounted  oa  th.e  rheostat  at  Vfae  lafilotj  ti\. 

1  that  furnishes  it. 

eld  relay  switch  shown  consists  of  a  smatt  ciecAro-ma'&w^. 


Fig.  8o. 


Mil. 

witch  bir  I- 

ng.     Thi 
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a  pivoted  switch  bar,  and  a  stationary  contact.     The  switch  bi 
is  normally  held  away  from  the  contact  by  a  helical  spring, 
magnet  coil,  switch  bar,  and  contact  are  in  series  with  a 
parallels  the  held  rheostat. 

When  the  operating  arm  of  the  starting  rheostat  is  moved  to  ths   L 
first  step,  a  pin  on  its  huh  presses  Ihe  relay  switch  har  against " 
stationary  contact,   thus  short-circuiting  the   field   rheostat, 
the  arm  is  turned  the  pin  on  the  starter  hub  soon  releases  the  relay 
switch  bar;  but  the  relay  electro- magnet,  energized  when  the  con- 
tacts close,  holds  this  bar  temporarily  in  place.     The  winding  of 
the  relay  electro- magnet  is  so  proportioned  that  if  there  is  bttle 
or  no  resistance  in  scries  with  the  motor  shunt  field,  the  relay 
magnet  will  release  the  switch  bar  before  the  motor  is  brought  to 
full  speed,  leaving  the  field  rheostat  available  for  speed  adjustment. 
But  if  the  field  rheostat  arm  is  turned  so  that  there  is  more  res* 
ance  in  series  with  the  shunt  field  than  would  be  safe  to  inscr 

one  step,  the  electro- magnet  will  keep  the  relay  switch  closed  u 

the  arm  of  the  field  rheostat  is  brought  back  toward  the  off  position. 


IQI. 

for  Direct-current  Shunt-  and  Compound -wound  Motors.— There 
are  as  many  and  more  designs  as  iIu'tc  arc  manufacturers,  but  the 
equipment  shown  in  Figs.  81  and  S;  is  typical  and  can  be  used  for 
starting  and  regulating  speed  in  non-reversing  services  where  speed 
adjustment  by  field  control  is  desirable.  The  apparatus  is  so 
arranged  that  the  motor  is  always  started  with  lull  field  strength. 
In  case  of  failure  of  the  voltage,  the  held  control  resistance  is  auto- 
matically short-circuited  and  the  motor  is  disconnected  from  the 

The  rheostat   consists  of  a   face  plate  carrying   the  contacts, 
operating  arms,  and  safety  devices,  mounted  in  connection  with 
two   resistors.     One   is   for  starting  and  one  is  for  adjusting  the 
trength.     The  face  plate  carries  three  rows  of   stationary 
'  i.     The  upper  row  is  connected  wit-Vi  t\ie  ^\t\i  aA"yas\; 
the  second  row  with  the  starting  teavAov,  wv&  \i»V 


field  s 
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a  long  curved  segment  for  short-circuiting  the  field 
a  starting.     A  contact  fur  short-circuiting  the 
resistance  when  the  arm  is  in  the  running  posilio 
provided. 

The  face  plate  supports  two  arms,  an  operating  arm  and  a  short- 
circuiting  arm,  pivoted  lo  Ihc  same  hub  and  arranged  so  that  Ihey 
cannot  pass  each  other.  The  operating  arm  carries  the  handle  and 
two  contact  fingers,  one  for  the  starting  contacts  and  the  other 
for  the  field  contacts.  The  short-circuiting  arm  has  a  contact 
finger  which  slides  over  the  contact  bar,  short-circuiting  the  field 
resistance  in  starting,  and  the  armature  resistance  while  running. 
In  some  designs  this  arm  also  carries  laminated  copper  brushes 
which  short-circuit  the  starling  resistance  when  the  arm  reaches 
the  running  position.  A  spring  tends  to  return  the  short-circuiting 
arm  to  the  off  position. 

Under  conditions  of  normal  operation  the  short-circuiting  arm 
Uheld  in  the  running  position  against  the  force  of  the  spring  by  an 
tltctro-magnct  connei  ted  across  the  line  in  series  with  a  protecting 
resistance.  If  the  voltage  falls  below  a  predetermined  point, 
tie  arm  is  released  and  returns  to  the  off  position,  carrying  the 
operating  arm  with  it. 

Rheostats  for  this  service  arc  frequently  arranged  so  that  the 
circuit  is  opened  between  a  lug  on  the  operating  arm  and  a  small 
pivoted  finger  with  a  centering  spring  mounted  near  the  first  start* 
iag  contact  and  connected  to  il  dec tricntly.  The  current  is  always 
broken  abruptly  no  matter  how  slowly  the  arm  may  be  moved. 
Blow-out  coils  are  sometimes  mounted  on  the  rear  of  the  face  plate 
to  disrupt  any  arc  that  may  form. 

An  overload  release  device  can  be  mounted  on  all  hut  the  largest 
rheostats  of  this  type.  Il  consists  of  an  electro- magnet  which,  in 
event  of  an  overload,  opens  the  low-voltaej:  magnet  circuit,  thus 
releasing  the  short-circuiting  arm.  The  tripping  point  is  adjustable. 
The  National  Code  rules  require  the  use  of  a  circuit  breaker  or 
fuses  with  a  rheostat  equipped  with  an  overload  release  of  this  char- 
acter.     ( W c si i » £ lioiut:  I'icrtrk  c*  ManuUidurhi^  Company.) 

193.  Operation  of  a  Starting  and  Speed-adjusting  Rheostat. 
—(Figs.  81  and  8:.)  The  motor  is  started  by  moving  I  he  operating 
arm  to  the  running  position,  stopping  a  few  seconds  on  each  starting 
Contact  to  permit  the  speed  10  accelerate.  The  retaining  magnet 
holds  the  short- circuiting  arm  in  the  running  position  where  it 
short-circuits  the  starting  resistor.  The  operating  arm  is  then, 
moved  back  over  the  field-resistance  contacts  until  the  desired 
Speed  is  reached.  For  motors  starting  with  full-load  torque,  the 
time  of  acceleration  should  be  from  15  sec.  to  30  sec,  depending 
upon  the  capacity  of  the  motor.  To  stop  the  motor,  open  the  line 
iwitch.     Both  arms  then  return  to  the  off  position  automatically. 

193.  Armature  control  speed  regulators  (Fig.  8j)  are  used 
or  Speed  reduction  with  shunt,  compound  or  series  motors  in  non- 
reversing  service  where  the  torque  required  decreases  with  the 
;peed  but  remains  constant  at  any  given  speed  as  -«\\fe.  lata, 
ilowers  and  centrifugal  pumps.  They  can  alsoW  used  \m  a^d&ra 
•ons  where  the  torque  is  independent  of  the  speed,  as.  -«YCa  V 
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printing  presses.  However,  this  method  of  speed  control  is  not 
suitable  for  such  applications  where  there  is  operation  for  long 
periods  at  reduced  speed,  since  such  operation  is  not  economical. 
It  is  not  possible,  where  the  torque  varies,  to  obtain  constant  speed 
with  these  controllers. 

In.  the  regulator  shown  the  low-voltage  release  consists  of  an 
electro -mag  net  enclosed  in  an  iron  shell,  a  sector  on  the  pivot  end 
of  the  operating  arm,  and  a  strong  spring  which  tends  to  return  the  ' 
arm  to  the  off  position.  The  magnet  is  mounted  directly  below  tk  ' 
pivot  of  the  arm  and  its  coil  is  connected  in  shunt  across  the  line  in  i 
series  with  a  protecting  resistance.  When  the  magnet  is  energized  I 
its  plunger  rises  and  force;  a  steel  ball  into  one  of  a  series  of  depru 
sions  in.  the  sector  on  the  arm  with  sufficient  force  to  hold  the  am 
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against  the  action  of  the  spring;  each  d  . 
contact.  The  arm  can  lit'  easily  moved  by  ihc  operator,  however,  I 
as  the  ball  rolls  when  Ihc  arm  is  turned.  When  the  voltage  fails, 
the  magnet  plunger  falls  and  the  fining  throws  the  operating  aim 
to  the  off  position.  An  overload  release,  similar  to  that  described 
in  another  paragraph,  which  operates  by  opening  the  low-voltage 
coil  circuit,  is  sometimes  furnished  on  regulators  of  this  type. 
Standard  commercial  rheostats  of  this  type  are  designed  to  give 
about  50  per  cent,  speed  reduction  on  the  first  notch.  See  the 
following  paragraph  on  operation  lot  further  in  formation, 

194.    Operation  of  Armature  Control  Speed  Regulators. — (Fig. 
83.)     Continuous  motion  of  the  operating  arm  starts  thi 
and  brings  it  gradually  to  maximum  speed.     Moving  the  ai 
the  first  few  contact  buttons  increases  the  shunt  field  strength 
motor  is  shunt  or  compound.    The  movement  over  the  si 
jug  buttons  cuts  out  armature  resistance   and  permits  t 
>  speed  up. 

Objections  to  Armature  Control  I^Oocliet  ani   Aren 
Motors),     (a)  Bulk  oj  Rheostat.— Thm.  ua 
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objectionable  if  only  a  few  motors  are  so  controlled,  but  for  a 
number  the  extra  space  becomes  a  factor,  and  in  many  cases  it  is 
difficult  to  find  sufficient  room  near  the  motor. 

(b)  Inefficiency  of  the  System. — The  same  amount  of  power  is 
supplied  at  all  speeds,  but  at  low  speeds  only  a  small  part  of  it  is 
converted  into  useful  work,  the  balance  being  wasted  in  the  rheostat 
as  heat. 

(c)  Poor  Speed  Regulation  itilk  Varying  Loads. — Since  the 
impressed  voltage  at.  ilir  ,ir  mature  ienninals  is  equal  to  the  line 
voltage  minus  the  resistance  drop  in  the  rheostat  (Fi—  V— IaR,), 
any  change  in  the  current  drawn  by  the  motor  produces  a  change  in 
the  terminal  voltage,  the  counter  e.m.f.,  and  therefore  the  speed. 

10.  Crane  controllers  for  direct-current  series  and  compound- 
wound  motors  are  usually  arranged  somewhat  as  indicated  in  Fig. 
84.  The  switching  device  consists  of  a  disc  of  soapstone  or  other 
fire-proof  insulating  material  carrying  sun  Lunacy  contact  pieces  and 
a  pivoted  switch  arm 
carrying  four  contac- 
tors. Blow-out  coils 
are  usually  provided  to 
effectively  rupture  the 
arcs  that  form  when  the 
contactors    pass    from 

the  next.     The  resistors 

may   be   contained    in 

the  controller   base,  as 

in  small  controllers,  or 

may    be    arranged    for 

separate  mounting  as  in 

large  ones.     In  Fig.  £4 

the  fine  lines  within  the 

circle  are  shading  lines 

which   merely  indicate 

that  the  circle  is  a  soap  stone  disc. 

the   circle   represent   electrical 

typical  controllers. 

Movement  of  the  controller  handle  in  either  direction  past  the 
off  position  starts  the  motor  in  the  corrcspondim;  direction  of  rota- 
tion. At  each  step  a  section  of  resistance  is  shart-eirrui ted.  At  the 
full-speed  positions  all  the  resistance  is  short-circuited.  Stops 
prevent  over-running  past  the  full-speed  positions:.  Direct-cur- 
rent crane  controllers  increase  or  decrease  the  amount  of  resistance 
in  series  with  the  motor  and  thereby  control  its  speed. 

ig7-  Dynamic  braking  of  direct-current  motors  is  effected  by 
allowing  a  motor  to  be  temporarily  driven  as  a  generator  by  itr  load. 
The  mechanical  energy  of  the  moving  machinery  or  descending 
load  is  thus  converted  into  electrical  energy  and  then  into  heat 
which  is  dissipated  in  resistance.  The  result  is  that  the  speed  of 
the  motor  is  promptly  retarded.  The  amount  of  braking  action, 
can   be   adjusted   by  varying   the  current  flowing  va  ftia  wa\sK 


" 
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A  load  exercising  on  active  torque  on  the  motor  armature,  w 
as  an  elevator  car,  cannot  be  brought  to  a  lull  stop  by  this  rr.    ' 
since  with  the  decreasing  armature  speed  the  braking  action  als 
decreases.     For  final  stopping,  some  form  of   mechanical  brait 
which  acts  automatically,  is  therefore  necessary. 

Dynamic  braking  is  used  in  connection  with  motors  for  elevator; 
hoists,  cranes,  coal  and  ore  handling  machinery,  railway  cars,  eU 
It  is  employed  fur  reducing  the  rholor  speed  just  before  a  stop, I 
in  elevator  service;  or  IW  controlling  the  speed  of  moving  obicri: 

in  lowering  i  rune  load?,  retarding  the  speed  of  the  cars  descending 


The  principal  advantages  of  dynamic  braking  I 
practical  absence  of  all  wear  and  tear  on  the  apparatus,  convi 
of  application,  and  ease,  accuracy,  and  certainty  of  control,  Ir 
dynamic  braking  with  a  properly  selected  ninl.or,  active  deteriora- 
tion is  limited  (o  the  controller  com  acts,  which  can  be  arranged  fa 
quick,  easy,  and  inexpensive  renewal.  No  special  or  additions 
ippa.ra.lus  is  required  for  braking  except  l.he  resistance  which  ca! 
e.  placed  wherever  convenient  icithin  a  reasonable  distance  fron 
L"  "  otor.  The  braking  efTect  can  be  adjusted  with  great  accurac; 
a  wide  range  by  varying  the  armature  current  or  the  fieli 
strenglh  by  means  of  suitable  resistance. 

In   some  instances,   notably   with   railroads,   dynamic  brakin 

dually  returns  energy  lo  the  circuit;  but  in  industrial  service  lh 

:nergy  generated  is  usually  dissipated  by  resistance.     In  electii 

is,  during  the  winter  months  this  dynamic  braking  current  is  i 

;ases  run  through  heaters  for  warming  the  cars. 

Heating  with  Dynamic  Braking.— The   most   importai 

'         ie  of  dynamic  braking  is  the  heating  of  the  mott 

Fot  simp\e  fiUipjfcti^  Ax&y  'Olas  »Cu» 
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Is  insignificant  as  it  lasts  only  a  few  seconds;  but  with  speed  cont 
in  lowering  a  load  by  dynamic  braking,  the  generated  current  m 
flow  for  an  extended  length  of  time  and  the  heating  may  be  cons 
erable,  especially  as  it  is  added  to  the  heating  of  the  machine  wfa 
operated  as  a  motor.  This  additional  heating  effect  due  to  t 
braking  current  must  be  considered  in  selecting  the  motor. 

200.  Dynamic-braking  Connections. — Fig.  86  shows  by  sim] 
diagrams  some  of  the  possible  connections.  Diagram  I  shows  t 
armature  of  a  shunt  motor  short-circuited  through  a  brake  resi 
ance,  the  field  remaining  across  the  line.    Diagram  II  shows  t 
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Fig.  86. — Dynamic  braking  connections. 

armature  of  a  compound  motor  short-circuited  through  the  ser 
field  and  a  brake  resistance,  the  shunt  field  remaining  across  t 
line.  Diagram  III  shows  the  armature  of  a  series  motor  sho 
circuited  through  the  series  field,  a  protecting  resistance  for  t 
field,  and  a  brake  resistance — the  field  and  its  resistance  being 
series  across  the  line.  Diagram  IV  shows  the  armature  and  ser 
field  of  a  series  motor  short-circuited  through  a  brake  resistan 
all  of  which  are  entirely  disconnected  from  the  line. 

By  cutting  out  the  series  field  in  diagram  II  the  braking  effi 
can  be  diminished,  the  connections  then  being  as  in  7.  The  c< 
nections  shown  in  diagram  III  are  generally  preferable  for  sei 
motors  during  the  first  part  of  the  braking  operation,  in  order 
insure  building  up  as  a  generator.  As  soon  as  the  generator  acti 
has  begun,  the  connections  can  be  changed  to  those  shown  in  d 
gram  IV,  In  each  of  the  cases  shown  by  the  four  diagrams  1 
braking  effect  can  be  increased  by  short-circuiting  section  oi 1 
brake  resistance  and  thus  increasing  the  armature  cwiiexv\.. 
201,  The  methods  of  starting  induction  motors  ma.7  \>^  "N 
as  follows: 

(1)  By  Connecting  Directly  to  the  Line.— TYlis  meu\od  V 
17 
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narily  used  only  for  small  motors — those  of  less  than  10  h.p.  output- 
because  on  starting  the  motor  takes  an  excessive  current  and  111 
voltage  regulation  will  be  disturbed  unless  there  is  ample  generatin 
capacity  and  the  conductors  are  of  a  generous  cross-section. 

(2)  By  Inserting  Internal  Resistance  in  the  Rotor  Circuit. — Thi 
method  is  used  only  with  wound  rotor  machines.'  The  resistanc 
is  cut  in  or  out  of  the  circuit  by  the  operation  of  a  switch  on  ft 
motor  shaft  so  arranged  that  the  handle  of  the  switch  is  stations!] 
when  the  rotor  is  turning. 

(3)  By  Introducing  External  Resistance  in  Ike  Rotor  Circuit- 
This  method  can  be  used  only  with  a  wound-rotor  machine  having 
collector  rings  upon  which  brushes  bear  that  connect  with  the  re 
sistance.  The  resistance  is  cut  in  or  out  of  the  rotor  circuit  by  1 
controller  somewhat  similar  to  the  ordinary  direct-current  mow 
controller. 

(4)  By  Using  a  Transformer  having  Low-voltage  Taps. — A  loi 
voltage  can  be  impressed  on  the  motor  at  starting  by  connectio) 
it  with  a  suitable  switch  to  the  low-voltage  taps. 

(5)  With  a  Starting  Compensator  or  Auto-transformer. — Thi 
is  the  usual  method  for  motors  of  ordinary  capacity  and  is  simiin 
to  the  transformer  method  in  that  low  voltage  from  the  compel 
sator  taps  are  impressed  on  the  motor  at  starting. 

(6)  By  Connecting  the  Armature  Coils  in  Star  for  Starting  and  a 
Delta  far  Running. — This  method  is  described  in  detail  in  a  followin) 
paragraph. 


directly  on  the  liu 


20Z.    A  small  induction  motor  can  be  started  by  fi 

directly  on  the  line.     (Fig.  87.)     This  method  is,  as  a  general  thi* 

not  used  for  motors  of  capacities  exceeding  5  h.p.     Two  set!  ol 

fuses  should  be  provided,  one  for  starting  and  one  for  runninC 

with  a  double-throw  switch  to  connect  the  motor  to  either  act 

A  switch  having  a  spring  so  arranged  that  the  blades  will  not  re 

main  in  the  starting  position  unless  manually  held  there  should 

be  used.     The  starting  current  of  an  induction   motor  throwi 

directly  on  the  line  will  be  something  between  three  and  eight  thai 

the  full-load  running  current     If  only  one  set  of  fuses  is  "used  fori 

polyphase  motor  and  they  are  oi  5i\fhc\w&  ca^arity  to  carry  th 

starting  current,  one  fuse  may  open  Vnrt.  fee  toaWw  *&.  vk&m 

o  operate  on  one  phase,  drawing  ».  cahtmA  wmAftra.*^  At 

'raw/.     The probaWc  reiuH  U fcWtnfcWfc o»va. 
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203.  Self-contained  starters  for  wound-rotor  induction  motors 
of  relatively  small  capacity  (Figs.  S8  and  8g)  can  be  purchased. 
The  resistors  for  these  are  mounted  within  the  enclosing  case  that 
carries  the  switching  mechanism  that  increases  or  decreases 
amount  of  effective  resistance  in  the  rotor  circuit.  As  a  rule,  the 
resistors  in  these  starters  are  designed  only  for  starting  ser 


hence  they  can  be  used  only  where  starts  are  infrequent  and  start- 
ing conditions  are  not  severe.  They  are  not  usually  designed  for 
speed  control  for  which  service  drum- type  controllers  with  ex- 
ternally mounted  ri.T-i-UTK'c-  arc  used. 

In  the  usual  designs  a  set  »f  lesi slurs  is  crmnccU'd  with  each  phase 
of  the  motor  (Fig.  90)  secondary  and  all  three  are  interconnected 
in  star  by  the  frame  of  the  starter  which  is  grounded,  protecting 
the  operator  against  shocks. 


304.  In  operating  a  self-contained  starter  for  a  wound-rotor 
tnotor  (Figs.  88  and  89)  before  closing  the  primary  line  switch  or 
breaker,  the  handle  of  the  starter  must  be  in  the  starting  \wsiu«iv, 
Where  all  ibe  starting  resistance  is  in  circuit,  li  thft  torasaOOiWi 
are  correct,  and  the  load  is  not  too  great,  the  motor  iiQ\i&.  *\i 
W  snon  at  the  hue  switch  is  closed;  on  failure,  to  sUit,  o^ec 
nroary  circuit,  and  examine  the  load  conditions  an&  fee  cot 
B  sorters  the  ha.ndle  may  have,  to  U  »&»' 
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slightly  beyond  the  starting  position  before  the  motor  starts.  As 
the  motor  speed  accelerate*  the  starter  handle  should  be  moved  I 
gradually  to  the  running  position,  bringing  the  motor  to  full  speed 
within  the  time  which  is  usually  specified  by  the  manufacturer 
of  the  starter.  In  the  running  position  all  starting  resistance  is, 
in  starters  of  most  designs,  short-circuited, 

205.  Starting  a  Coil-wound  Rotor  Motor  {Southern  Electrician) 
— With  the  coil  ivound  rotor,  hi  ah  and  variable  starting  torque  Can 
be  obtained  by  inserting  a  variable  ohmic  resistance  directly  in 
the  rotor  circuit.  The  rotur  circuit  is  connected  to  a  non-inductke 
resistance,  which  can  be  varied  and  gradually  cut  out  as  the  motor 
attains  speed.  Figs.  00  and  gi  illustrate  the  connections.  When 
the  rheostat  handle  is  in  the  extreme  left-hand  position,  the  rc- 

To  start  the  motor,  current  is  first  switched  on  to  the  statoi 
circuit  by  closing  a  triple-pole  switch.  The  three-pole  contact 
blades  of  the  starting  rheostat  are  now  moved  over  from  the  ofl 
position  on  to  the  resistance  studs,  the  first  contacts  of  which  place 
the  whole  of  the  resistance  in  circuit  with  the  respective  three- 
phase  windings  of  the  rotor.  This  prevents  the  current  induced 
in  the  rotor  windings  by  the  statnr  circuit  from  reaching  an  ex- 
cessive amount.  The  switch  handle  on  being  further  rotated  in  a 
right-handed  direction  gradually  cuts  out  the  resistance  until  all 
the  resistance  is  out  of  circuit.  In  this  position  the  rotor  windings 
are  short-circuited. 

Three  -  Phase  Main* 


ao6.  Commercial  starting  compensators  for  squirrel  cage  in- 
duction motors  usually  have  l.lirnr  positions  at.  which  the  starting 
lever  will  come  to  rest — an  "off"  position,  a  "starting"  position, 
and  a  "running"  position.  The  lever  is  so  arranged  that  the 
switch  that  it  controls  cannol  come  to  rest  in  any  other  positions 
unless  forcibly  restrained.  The  connections  of  a  two-phase  and 
f(  a  three-phase  compensator  are  shown  w\  o.mccvuin  with  ihe 
material  on  tiu to- transformers  in  Sect.  V  .  Transi  chums.  Onroat 
■''■■ii  arrangements  for  compensators  cA  oVi*T  VJV**  <"■*■ 
"        uiljaccnt  hereto. 


In  sta 


J  compensators,  as  ' 


,ua.tty  artar.&eA.w'o.ra.w 
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position  the  switch  is  open  and  the  motor  and  auto- trans  former 
are  entirely  disconnected  from  the  source  of  energy.  When  in 
the  "starting"  position,  the  source  of  energy  is  directly  connected 
by  the  switch  to  the  auto- transformer  terminals  and  the  low  vol- 
tage taps  of  the  auto- trans  former  are  connected  to  the  motor. 
Usually  there  are  no  fuses  inserted  in  the  starting  leads  at  the 
compensator. 

When  thrown  to  the  "running"  position  the  switch  connects 
the  motor  through  fuses  to  the  source  of  energy  and  the  auto- 
transformer  is  entirely  disconnected  from  the  source  of  energy. 
The  fuses  provided  in  the  running  leads  are  for  the  protection  of 
the  motor  against  overload  while  it  is  in  normal  operation.  The 
fuses  protecting  the  tap  circuit  to  the  compensator  where  the  tap 
circuit  branches  from  the  main  arc  usually  depended  upon  to 
protect  the  motor  whilo  it  is  starting. 

207.  Starting  With  and  Without  Compensators.— The  starting 
current  taken  by  a  squirrel  ciiirc  induction  motor  at  the  instant  of 
starting  is  equal  to  the  applied  elet  i.ro-nmtive  force  divided  by 
the  impedance  of  the  motor.  Only  the  duration  of  this  current, 
aad  not  its  value,  is  affected  by  the  torque  against  which  the 
motor  is  required  to  start.  The  effect  of  starting  without  and 
with,  a  compensator  is  illustrated  by  digrams  /  and  //  in  Fig.  52. 
In  this  diagram,  motor  /  is  thrown  directly  on  a  100- volt  line. 
The  impedance  of  the  motor  is  5,77  ohms  per  phase,  the  starting 
torque  10  lb.  at  r  ft,  radius  and  the  current  taken  10  amp.  In 
diagram  //  a  compensator  is  inserted,  stepping  down  the  line 
pressure  from  100  to  50  volts.  This  reduces  the  starting  current 
of  motor  one-half  and  the  starting  torque  becomes  one-quarter 


its  previous  value  or  2  \  lb.  at  r  ft.  radius.  The  current  in  the  line 
is  reduced  inversely  as  Uic  ratio  of  transformation  in  the  compen- 
sali.r  and  becomes  2^  amp. 

Thus  when  a  compensator  is  used  the  starting  torque   of   the 
motor  can  be  reduced  to  approximately  1  he  value  required  by  the 
load  and  the  current  taken  from  the  line  correspondingly  decreased. 
Where  a  compensator  is  not  used  an  increase  of  rotor  resistance 
results    in   a  proportional  increase  in  the  starting  torque  of  the 
motor  with  a  very  slight  decrease  in  the  starting  oineoX.  i™tiv 
'nan  the  line.     Where  H  compensator  is  used  witti  a.  mows  Va-vw* 
high-rausUnce  rotor  the  voh.i-c  can  be  reduced  to  aAo\s«  n£m» 
aZEZ  V**  n'th  a   low-resistance  tote*  tot  ft*  «*» 
trSmXc'h  1^"dafd  compensators  ate  provided  wft^« 
'  various  rr,T».J,:»,,.  »:~*-~  ~~~  \^=.  nMi'»Tici\. 


various  combinations  can.  be  obtained. 


ae.Ne.wi 
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208.  Comparison  of  Auto -transformer  and  Resistance  for  De- 
creasing Voltage  for  Starting  Squirrel  Cage  Motors. — The  motor 
in  Fig.  03  is  supposed  to  require  too  amp.  to  start  it;  that  is,  to 
provide  the  energy  necessary  to  produce  the  necessary  starting 
torque.     At  /,   where  an  auto- transformer  is  used  to  lower  the 


voltage  to  no,  a  current  of  100  amp.  is  produced  in  the  motor 
primary  with  a  current  in  the  line  of  ;o  amp.  This  condition  u 
due  to  the  transformer  action  of  the  auto-transformer.  At  II  the 
running  connections  are  shown  wherein  the  auto- transformer  is 
entirely  disconnected  from  the  circuit.  At  III  are  illustrated  the 
conditions  that  would  obtain  were  the  voltage  lowered  for  start- 
ing by  inserting  resistance  in  series  with  the  line.  Obviously  :m 
amp.  must  How  in  all  portions  of  the  line  even  though  the  resist- 
ance of  1.1  ohm  reduces  the  line  voltage  of  22a  to  avoltageof  no 
which  is  impressed  on  the  motor.  There  is  a  loss  of  energy  in 
the  resistance.  Evidently  the  auto-startcr  method  is  preferable 
because  with  it  the  line  current  is  reduced  and  there  is  practically 
no  loss  of  energy.  Although  the  example  illustrated  is  for  a  two- 
phase  motor  the  principle  is  the  same  for  a  three-phase  motor. 

209.  Approximate  Starting  Currents  and  Starting  Torques  o) 
Squirrel  Cage  Induction  Motors  withDifferent  Impressed  Voltages 
Obtained  by  Using  a  Compensator  Starter. — Starting  current  and 
starting  torque  arc  expressed  in  terms  of  normal  full-load  current 
and  full-load  torque,  and  impressed  voltage  is  expressed  in  terms 
of  normal  voltage: 


Voltag 


It,  taken 


r  [Southern  Electrician).— 
1  manufacturers  connected 
to -transformer  tap  giving  the  lowest  torque.     If  the 
start  its  load  with   this  tap  connected  the 
ige  lap  sJiould  be  tried,  and  ao  oti,  vmVW  V\ic  \ax>  1 
'aea  the  required  torque. 
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Compensators  for  use  with  motors  of  15  h.p.  and  under  some 
times  nave  three  taps  giving  voltages  of  40  per  cent.,  60  per  cent 
and  80  per  cent,  of  full-line  impressed  voltage.  For  motors  above 
15  h.p.,  four  taps  are  frequently  provided  giving  40,  58,  70  and 
85  per  cent,  of  full-line  voltage.  The  proper  tap  for  giving  the 
maximum  starting  torque  without  causing  an  inconvenient  vol- 
tage disturbance  in  the  supply  circuit,  can  best  be  ascertained  b> 


One  make  of  compensator  has  for  motors  of  from  5  to  18  h.p.,  taps 
starting  the  motor  at  50,  65  and  80  per  cent,  of  the  full  impressed 
hne  voltage,  with  respective  line  currents  equal  to  25,  42  and  65 
per  cent,  of  the  current  that  would  be  taken  by  the  motor  if  nc 
compensator  were  used.  For  motors  larger  than  iS  h.p.,  compen- 
sator-voltage taps  are  provided  giving  voltages  equal  to  40,  58,  7c 
and  85  per  cent,  of  the  full  impressed  line  voltage,  and  respective 
currents  approximately  equal  to  16,  34,  50  and  72  per  cent,  of  the 
current  that  would  be  taken  by  the  motor  if  it  were  started  directly 
from  the  supply  line. 

111.  Starting  compensator!  for  motors  of  high-voltage  or  large 
current  capacity  are  arranged  with  the  switches  separate  from  the 
auto-transformer  (Fig.  04).  The  equipment  usually  consist' 
of  one  double-throw  or  two  interlocked  single-throw  oil  switches 


for  the  motor  and  a  single-throw  oil  switch  for  energizing  the  auto- 
transformer.  ■  In  the  running  leads  to  the  motor  may  be  inserted 
overload  relays  which  will  open  the  oil  switches  in  case  of  over- 
draught of  current.  The  oil  switches  are  usually  mounted  on  a 
switchboard  panel  while  the  auto-transformer  may  01  mm  wft 
be  mounted  on  the  panel.  The  construction  indicated.™  the,  tf&u 
aanpoutatar  diagrams  is  used  by  certain  manufactutets  lot  maV 
fcaptdtleg  up  to  and  including  550  volts  when  the,  nuraisi  < 
M  does  net  exceed  joq  amp,  per  phase  and  lot  moVnt  <A  1 


: 
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,u^u  iu  ^,Soo  volts  with  currents  not  greater  than  125 
,>hase.  Where  motors  lake  greater  norma.]  currents  or  art 
voltage  the  arrangement  of  I'ig.  94  is  applied. 

I  -Pottnfi'trlTninsfe'mr 


«i.i 


::: 

'4S 


When  no-voltage  release  conv?e&seAt*  smarter?,  a 
■Poilage  motors  a  small  voUage  VTivrf'^mw  v 
as  in    Fig.  95   to   energize  tl«  no-wto1,«  c 
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ment  is  used  by  certain  manufacturers  for  compensators, 
the  no- voltage  release  ,itlai  limenL,  lor  voltag-.s  of  from  1,040 
00.     The  secondary  of  the 


1.  Overload  release  coils 
rnipensators  are  arranged 
tially  as  shown  in  Figs, 
id  07.  When  there  is  an 
jad  on  either  phase  the 
plunger  of  the  overload 
is  drawn  up  which  opens 
lo-vollage  release  coil  cir- 
This  de- energizes  the  no- 
ge    release    coil    and    the 

:ally  opened  as  described 

te   paragraph   on  the  do- 

je  release.     The  overload 

;  are  usually  arranged  so 

they  can  be  adjusted  to 

te    at    different    c 

s  a  drcuil  breaker 

ted.       An 

nt    feature   is  usually  in- 
rated   whereby   the  relay 

perate  almost  instantly  on 

heavy  overloads  but  will 

perate  until  a  certain  in- 
of  lime  has  elapsed  (the 

1  of  the  interval  bcinp  ap-     o  !■',.■  i"[uaii  n'&As^v.tachmincs. 

nately   inversely    propor- 
to  the  amount  of  overload)  on  lesser  overloads.       It  will  be 
from  the  diagrams  thii t  fuses   are    not  neix-ssary  where  the 


-r,,.::,ll:,i 


e  used.       A  decided  advantage  ot  \}ne-  o 
t  they  can   be    adjusted  lo   protect  a.  v  ~*~ 
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running  single-phase.  If  one  phase  opens,  sufficient  additional 
current  will  be  drawn  through  the  others  to  operate  a  relay  which 
will  open  the  circuit  to  the  compensator.  An  installation  of  a 
Westinghouse  compensator  having  no-voltage  and  overload  relays 
is  shown  in  Fig.  g8. 

314.  A  no-voltage  release  can  he  provided  on  starting  com- 
pensators. The  connection  diagram  is  shown  ia  Fig.  99  for  a 
three-phase  compensator  and  that  for  a  two-phase  compensator  is 
similar.  When  a  condition  of  no-voltage  exists  on  the  line,  the 
no-voltage  rtlcarc  coil  is  de-energized  which  permits  the  iron  arms-  I 
ture  or  core  of  the  no-voltage  coil  to  drop,  which  automatically 
releases  the  compensator  handle  which  is  returned  to  the  off  posi- 
tion by  its  spring.     This  opens  the  circuit  through  the  compensator, 

315.  A  method  of  starting  several  polyphase  induction  motors 
from  one  compensator  is  shown  in  Fig.  100.     This  can  frequently    . 
be  employed  to  advantage  where  there  are  a  number  of  motors   I 
situated  close  together  or  where  a  number  of  motors   must  be   1 


rViOS     Mam  fKrrr::/  .■    ':•■]." 


_1  i~^*    +1  rr^i 

Mpter&nMai.    'Starring i   .   ,     £ 
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Main  (ftetxaf  tfoltogt) 
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started  irom  one  location.  A  double-throw  switch 
for  each  motor  to  be  started  and  there  should  be  a  switch  for  the 
compensator.  If  all  of  the  starting  switches  are  located  close 
together,  so  that  one  operator  can  open  or  dose  them  consecutively, 
the  compensator  need  have  a  capacity  only  sufficient  for  serving 
the  largest  motor  in  the  group.  If  the  starting  switches  are  so 
located  that  several  can  be  operated  at  once  by  difierent  men, 
the  compensator  must  have  a  sufficient  margin  of  capacity  10 
provide  for  this.  After  all  of_  the  motors  are  started  the  compen- 
sator switch  is  opened,  eliminating  compensator  losses.  Where 
motors  exceed  possibly  7  h.p.  in  capacity,  oil  switches  should  be 
«><■</  for  the  starting  switches. 
116.  Fuses  for  Use  mCoiinect\o&wfcC<»m^M^\jw^tti<Ha4  — 
'ode  standard  fuses  carried  in  WA&etti  towm***. 
|W  arc   usually  used  for  comperisaVois, 


"jo\Va.tes  M^  Mi  few 
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motors  is  given  elsewhere  in  [his  book,  but  where  not  otherwise 
specified  [uses  of  a  capacity  corresponding  to  il  times  the  full- 
load  current  of  the  motor  are  supplied. 

217.  The  delta-star  method  of  starting  three-phase,  squirrel 
cage  induction  motors  is  sometimes  used  (Fig.  101).  The  stator- 
coil  terminals  are  brought  out  from  the  frame  and  connected  to 
a  double-throw  switch  as  shown.  In  starting,  the  coils  are  con- 
nected in  star  and  the  current  is or  0.58  of  what  it  would  be 

with  the  coils  connected  in  delta.  After  the  rotor  has  attained  full 
speed  I  lie  switch  is  thrown  to  the  running  position,  which  connects 
the  coils  in  delta  and  normal  voltage  is  thereby  impressed  on  them. 
Motors  must  lie  specially  constructed  for  this  method  of  starling 
as  it  is  not  extensively  used  by  l.lie  principal  manufacturers. 

218.  Speed  Control  of  Polyphase  Motors  (B.  G.  Lamme).— 
The  speed  of  polyphase  motors  can  be  controlled  by  a  number  of 
different  methods,  of  which  the  following  are  the  most  important. 
I.  Adjusting  the  resistance  of  the  secondary  circuit.  II.  Adjust- 
ing the  primary  voltage.  III.  Using  two  motor  primaries,  one 
of  which  is  capable  of  being  rotated.  IV.  Changing  the  number 
of  motor  poles.  V.  Operating  two  or  more  motors  connected  in 
cascade.  VI.  Adjusting  the  frequency  of  the  primary  current. 
VII.  Changing  the  number  of  phases  of  the  secondary  windings. 

The  results  obtained  by  the  use  of  these  various  methods  ditlcr 
widely,  so  that  in  selecting  a  variable  speed  alt  I  rna  ting-current 
motor  careful  consideration  must  be  given  to  the  characteristics 
of  the  method  of  control  in  order  to  determine  its  suitability  for 
the  service.  In  many  cases  a  combination  of  methods  is  required 
in  order  to  produce  the  desired  speed  changes. 


7/inx-ftase 


De'l-i)  " 


aio.  Speed  Control  of  a  Polyphase  Motor  by  Adjusting  the 
Resistance  of  the  Secondary  Circuit. — With  constant  torque,  the 
speed  of  the  motor  mere-uses  regularly  as  each  step  of  the  resistor 
is  short-circuited  and  remains  constant  on  any  given  notch.  But 
with  varying  torque  I  he  motor  speed  varies  jlIso;  [  hat  is,  an  alternat- 
ing-current motor  when  operating  with  auxiliary  resistance  in  the 
rotor  circuit  is  properly  classified  as  a  varying  speed  molor.  TS&s. 
method  of  speed  control   is,    therefore,  not   su\ta.\i\e  tot  wsrfw* 

requiring  sevcra!   constant    speeds    with  V3.ly\ng,   toW^Mi,  S°>^-  ' 

machine-tool  work,  etc. 
Speed  control  by  means  of  adjustable  secondary  wasM**3 
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however,  very  useful  where  constant  speeds  are  not  essential 
example,  in  operating  cranes,  hoists,  elevators,  and  dredges, 
also  for  service  in  which  the  torque  remains  constant  at  each  s\ 
as  in  driving  fans,  blowers,  and  centrifugal  pumps.  In  se 
where  reduced  speeds  are  required  only  occasionally  and  « 
small  speed  variation  is  not  objectionable,  this  method  of  co 
can  also  be  used  to  good  advantage.  On  account  of  energy  1< 
the  resistors,  the  efficiency  is  reduced  when  operating  at  red 
speeds,  this  reduction  being  greatest  at  the  slowest  speeds, 
circuits  are  essentially  the  same  as  for  starting  by  varying  a 
ance  in  the  rotor  circuit,  as  shown  in  Figs.  90  and  91. 

mdary  speed  control  the  rotor  usually  has  a 
which  is  connected,  in  series  in  each  phi» 
',  Figs,  go  and  91.     By  moving  the  adj« 
I  of  resistance  in  series  in  each  phase  can 
o  zero  and  the  speed  varied    from  t 
highest    speed    to 
lowest      speed, 
form   of   control   i 
general  preferable  lo 
primary  control  met 
and    is    used    where 
large  number     "   . 
is   required   and  it 
not    necessary   for  t 
-    to    I 


220.    With 
connected  winding 

able  arm  th< 
varied  from 


"V 


Speed -control 
tion  Motor.— {S 
102.)  To  determine 
the  speed  of  such  i 
motor  on  any  point  of 
the  controller  when 
operating 
1    given  torque  and  tc 

the    current    taken  1 
d   that  speed  and  ti 
'y   refer   to   curves   ' 
show  the  speed,  tor. 
and  current  for  pha 
wound  variable  speed  motors.    Those  of  Fig.  102  are  typical 
ordinary  capacities.     For  any  given  torque,  follow  along  the 
scissa  corresponding  to  this  value  to  its  point  of  intersection 
the  torque  curve  for  that  particular  notch  of  controller.    ' 
follow  up  the  ordinate  until  it  intersects  the  current  curvi 
iponding  to  the  same  controller  noV-cYi  an&  \iie  -j&vie:  ua  0 
'  the  current  taken  by  the  motor. 

4'*«wjM'<f— Suppose  it  is  desired  to  dttermW  Vm  ™n™at  V» 
10»»  Points  of  the  controller  when  **Ktw>a  &  iv*-1>-  «<*-"* 
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e  than  full -load  ti 


to  the  fifth  notch,  tt 


ached.  _  Then 


The  dotted  line  indicates  the  variation  in  current. 

222.  Speed  Control  of  a  Polyphase  Motor  by  Adjusting  the 
Primary  Voltage. — (Tig.  103.)  Adjusting  Lhe  primary  voltage  of 
a  motor  causes  speed  changes  thill  arc  similar  in  those  produced 
by  adjusting  the  resistance  of  the  motor  secondary.  The  voltage 
variations  can  be  obtained  by  mean*  01"  aditiMaUe  resistors,  auto- 
transformers,  or  choke  coils  in  scries  with  the  primary. 

This  method  has  the  disadvantages  of  poor  speed  regulation, 
low  efficiency,  and  unsa  Lis  factory  control,  especially  when  the  pri- 


>t  in  general  commercial  use.  Squirrel 
,  however,  almost  invariably  started 
with  reduced  primary  voltage  obtained  by  means  of  auto-trans- 
formers. Fig.  104  indicates  the  external  appearance  of  avariable- 
resistance  starter  for  such  service. 

123,  Primary  Speed  Control. — {Fig.  103.)  Where  a  compen- 
sator is  used,  contactors,  connected  by  conductors  t 
are  arranged  to  slide  over  the  com- 
pensator taps,  in  a  manner  similar  to 
that  in  which  the  lever  arm  slides  over 
the  segments  of  a  rheostat,  and  thereby 
vary  the  voltage  impressed  on  the  rotor. 
The  speed  regulation  of  a  motor  con- 
trolled by  this  meLhod  is  very  poor  and 
the  power  factor  and  efficiency  decrease 

with  the  speed.     Where  a  resistance  is  amm 

used  for  varying  the  voltage  impressed         Fie.    in*. — Primary      n- 

on  the  stator,   the  regulation    and    elli-    sistance starter  for  a  squirrel 

ciency  of  the  machine  are  not  as  good  as    cagc  mo    r" 

when  a  compensator  is  used. 

224.    Speed  Control  of  a  Polyphase  Motor  ■wifti  B.'DciiMetfaQKn 

Arrangement— The  double  primary  motor  rcse.rr.YAe*  mv  wfiavw 

squirrel  cage    Induction    motor   in    construction   MtteoV  \SiaN.  ' 

primary  is  divided  vertically  into  halves,  each.  wVb.  se^MiX*. 
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and  windings.     One-half  can  be  rotated  around  the  rotor  by  w 
of  a  worm-screw  and  rack  device.     Fig.  105  shows  this  constru 
tion.     When  the  two  halves  of  the  primary  are  placed  a 
poles  arc  in  line,  the  roLor  windings  are  subjected  to 
magnetic  flux  from  the  primary,  and  the  motor  will  run  with  m 
mum  slip  and  therefore  at  its  maximum  speed.     By  turning 
movable  half   of  the  primary,  the  flux  acting  on  each  rotor 
is    gradually      reduc 
causing   increased 
and     a     correspond 
reduction  of  the  ma 
speed  for  a  given  torq 

This      operation 
equivalent    to  vary 
the     primary     volti 
and  therefore  cannot 
used     with     advant* 

with  varying  torque 
desired.  The  meel 
ism  is,  however, 
contained;  the  sj 
changes  are  effected  without  opening  circuits;  and  the  mc 
having  no  brushis.  operates  without   sparking. 

225.  Speed  Control  of  a  Polyphase  Motor  by  Changing  tl 
Number  of  Motor  Poles.— The  synchronous  speed  of  a  polyph 
motor  is  inversely  proportional  to  the  number  of  its  poles.  Tl 
on  a  60-cycle  circuit  a  two-pole  induction  motor  has  a  synchronf 
speed  of  approximately  3,600  r.p.m.,  a  four- pole  motor  1,800  r.p. 
an  eight-pole  motor  900  r.p.m.,  etc.  It  is  therefore  possible 
alter  the  speed  of  a  motor  by  changing  the  number  of  its  poles. 
This  can  be  accomplished  by  using  two  or  more  separate  prim, 
windings,  1  ch  laving  ':;:";  tent  number  of  poles,  or  by  u.-ii' 
single  winding  which  can  be  connected  so  as  to  form  diffen 
numbers  of  poles.  In  general  only  two  speeds  arc  possible  wi 
out  great  complication,  the  preferable  ratio  being  I  :  1.  The  rt 
should  be  of  the  squirrel  cage  type  as  this  is  adapted  t< 
of  poles,  whereas  the  windings  of  a  wound  rotor  mi 
netted  for  the  different  speeds. 

With  very  few  exceptions  these  motors  are  squirrel  cage  n 
with  special  stator  windings.  They  are  designed  to  op«_. 
full  and  half  speed,  the  different  speeds  being  obtained  by  c 
ing  the  connection  of  the  coils  so  as  to  halve  or  double  the  n 
of  poles.  Usually  motors  with  the  lower  speed  other  tha 
Speed  require  more  complii  .i.lcd  cimiii'ri.ions  and  necessitate 
ing  out  a  large  number  of  leads  from  the  motor.  The  motors 
be  designed  for  three  or  four  speeds,  but  such  will  require  two  ( 
line:  stator  windings.  Obviously  these  motors  are  very  s 
and  their  use  is  not  advocated  except.  w\ien  ;Ara&a&&j  tt«. 
The  efficiency  is  approximately  tnc  same  at  ea-cV  <3$e<A  W 
-twer  factor  which  is  lower  at  fun  ■speed  tW\  to  «A  **-■" 
tor  is  reduced  «ry  greatly  a.t  the  lower  speed.     »»  « 
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put  is  proportional  to  the  speed,  while  the  percentage  slip  remain 
approximately  the  same  for  each  speed,  and  the  starting  torqu 
per  ampere  varies  approximately  inversely  as  the  speed. 

»6.  Speed  control  of  polyphase  motors  by  operating  two  o: 
more  motors  connected  in  cascade  oilers,  under  some  conditions  o 
service,  the  most  convenient  and  economical  method  of  sjieet 
variation.  In  this  arrangement  all  the  rotors  are  mounted  01 
one  shaft  or  the  several  shafts  are  rigidly  connected.  The  priman 
of  the  first  motor  is  connected  to  the  line,  its  secondary,  whicl 
must  be  of  the  phase-wound  slip-ring  type,  to  the  primary  o 
the  second  motor  and  so  on.  The  secondary  of  the  last  moto: 
can  be  either  of  the  squirrel  cage  or  of  the  phase-wound  type 
In  practice  more  than  two  motors  are  rarely  used.  The  arrange 
ment  is  shown  in  Fig.  106. 


polypi 


Speed  changes  are  obtained  by  varying  the  connections  of  thi 
motors,  the  following  combinations  being  possible  with  two  motors 
Each  motor  can  be  operated  separately  at  its  normal  speed  witl 
its  primary  connected  to  the  line,  the  other  motor  running  idle 
the  motors  can  be  connected  in  cascade  so  that  the  rotors  tend  tt 
start  in  the  same  direction  (direct  concatenation);  or  the  motor: 
can  be  connected  so  that  the  rotors  tend  to  start  in  opposite  direc 
tions  (differential  concatenation).  If  the  first  motor  has  la  pole: 
and  the  second  4,  the  to-lowing  synchronous  speeds  can  b> 
obtained  on  a  25-cycle  circuit. 

(1)  Motor  II  (4  poles)  running  single,  750  r.p.m.;  (2)  motors  ii 
differential  concatenation  (equivalent  of  8  poles),  375  r.p.m.;  [3] 
motor  J  (12  poles)  running  single,  23°  r.p.m.;  (4)  motors  in  direc 
concatenation  (equivalent  of  16  poles),  187.3  r.p.m.  By  the  usi 
of  adjustable  resistance  in  the  secondary  circuits,  changes  fron 
one  speed  to  the  neit  can  be  made  with  uniform  gradations. 

A  great  number  of  speed  combinations  are  possible  by  the  usi 
of  this  method;  the  control  is  simple  and  safe,  as  few  leads  are  re 
quired  and  main  circuits  are  not  opened  for  most  of  the  speeds 
The  rotors  can  be  made  with  smaller  diameters  than  is  possibl' 
with  other  multispeed  motors,  hence  the  flywheel  effect  is  reduce< 
to  a  minimum.  In  general,  a  cascade  set  is  applicable  when 
speed  changes  must  be  frequently  made  with  high  horse-^roM  w* 
put  and  piimaiy  voltage,  and  where  the  speed  laXvw,  ax%  oft 

317.    Speed  Control  of  a  Polyphase  Motor  hy  k4YK&r>* 
vqueaey  of  the  Primary  Current — Since  the  syncYnowras 
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of  an  induction  motor  is  equal  to  the  alternations  of  the  sup[ 
circuit  divided  by  the  number  of  poles  in  each  circuit,  r     ' 
speed  can  be  effected  by  changing  the  frequency  of  the 

Fig.  107  shows  the  speed-torque  and  other  curves  oi  a  motor 
when  operated  at  7, zoo,  3,600,  1,800,  and  720  alternations  pd 
minute,  or  at  100,  50,  25,  and  10  per  cent,  of  the  normal  alterna- 
tions. The  speed -torque  curves  corresponding  to  the  above  alter- 
nations arc  a,  b,  c,  and  d.  The  current  curves  are  A,  B,  C,  and  D. 
This  figure  shows  that  for  the  rated  torque  T,  the  current  is  practi- 
cally constant  for  all  speeds,  but  the  electro-motive  force  varies 
with  the  alternations.  Consequently,  the  apparent  power  supplied, 
represented  by  the  product  of  the  current  by  electro- motive  force, 
varies  with  the  speed  of  the  motor,  and  is  practically  proportionate 
to  the  power  developed. 


In  a  few  coses,  where  only  one  motor  is  operated,  the  generator 
Speed  can  be  varied.  If  the  generator  is  driven  by  a  water- wheel, 
its  speed  can  be  varied  over  a  wide  range,  and  the  motor  speed  Kill 
also  vary.  If  the  generator  licld  is  held  at  practically  cons'""' 
strength,  then  the  motor  speed  can  be  varied  from  zero  to  a  n 
mum  at.  const  ;i\A  turque  wil  li  ;i.  pr.ui  ii-;s!ly  constant  Current 
Another  method  of  accomplishing  this  result  is  by  the  l 
frequency  changer.  Fig.  108  shows  the  arrangement.  B 
are  induction  motors  of  the  ordinary  type;  -*l   is  a  direct-cut 

motor  directly  connected  to  the  rotor  of  B.     C  is  the  driving  m 

and  B  the  frequency  changer.    The  primary  of  B  is  connected  to 
*"    "  te,  its  secondary  to  the  primary  of  C     The  frequency  of  the 
it  delivered  to  C  depends  on  the  ic\iVtoi\  of  \ivi  =,Yjeei±  of  the 
o  the  synchronous  speed  ol  B-,  tW  &\o-«et  'Cos  ia\a.\l\.iv,  A 
"      'ligher  Ihc  frequency  deVwereA  \n  C  mA  Aw.  Vii^sst 
The  speed  of  tVie  rotor  B  U  coiiticaBi^rj  ^V*? 
UtotA.     Moto!  B  m^thepciCfe^  *«««»» 
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is  C;  but  motor  A  can  generally  be  relatively  smaller,  the  exact 
he  depending  on  the  maximum  and  minimum  frequency  and  the 
xiwer  required  fur  motor  C. 

This  method  can  be  applied  with  sfici  id  advantage  where  direct- 
:urrent  motor  drive  is  not  desirable. 


128.  Speed  Control  of  a  Polyphase  Motor  by  Changing  the 
lumber  of  Phases  of  the  Secondary  Winding. — Phase-wound 
notors  have  in  almost  all  ease-  :-ec.  unlades  with  three-phase  wind- 
ngs.  If  only  one  of  the  secondary  circuits  is  closed  the  motor  will 
un  at  about  half  speed,  with  very  low  power  factor  and  poor  ef- 
iciency.  This  method  of  speed  adjustment  (Fig.  100)  is  frequently 
ised  in  experimental  work,  but  has  no  extensive  commercial 
flpficationa. 


StatorarPnmary  Winding 


THE  APPLICATION  OF  ELECTRIC  MOTORS 

19.  Comparative  Cost  of  Line-shaft  and  Individual  Motor 
>rive  for  Machine  Tools  [A met.  Mack.,  Sept.  26,  igu).— The 
lost  economical  m»t<»r  will  compare  favorably  in  first  cost  with 
ne-shaft  drive.  Its  first  cost  does  not  exceed  by  much  that  of 
istalling  Hne  shafting,  countershnfting  and  belts.    The  difference 

paid  for  in  two  or  lliree  years  when  so  small  an  item,  as  thft  ^atttx 

red  in  friction  of  overhead  mechanical  transmission  ea1\ii\Yc&.ev.'i. 

ne  is  considered.      The   saving    in  production  W\\\  pa-y   tot  *«• 

crence  h  a  very  short  time 

ther  MltemaUBB-curnnt    or    direct-currtnt    moWB    *«^  ^ 
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used  is  usually  determined  by  the  kind  of  energy  available.  If  i 
new  power  plant  is  to  be  installed,  however,  the  operating  condi 
tions  may  sometimes  affect  the  choice  of  current.  Even  in  thi 
case  the  characteristics  of  the  new  plant  should  agree  with  thos 
of  the  nearest  central  station  in  order  to  obtain  break-down  servio 
and  to  operate  economically  with  central-station  energy  on  reduco 
loads.  For  certain  applications,  direct-current  motors  are  pref 
erable;  for  example,  in  adjustable-speed  service,  as  in  machine 
tool  operation,  in  service  where  frequent  starts  must  be  mad 
with  very  high  torque,  or  in  reversing  service,  as  in  the  operatioi 
of  cranes,  hoists,  etc. 

The  voltage  of  alternating-current  circuits  can  be  so  readil] 
transformed  up  or  down  that  such  energy  is  more  economical  foi 
distribution  over  considerable  areas.  For  plants  extending  ove 
a  considerable  area  or  distributing  energy  to  distances,  say,  of  one 
fourth  mile  or  more,  alternating  current  is  nearly  always  mori 
economical.  In  order  to  utilize  alternating-current  for  distribu 
tion  when  direct-current  motors  are  preferable,  the  installatioi 
of  rotary  converters  or  motor  generators  for  changing  from  thi 
one  kind  of  current  to  the  other  is  sometimes  warranted. 

The  question  of  protecting  motors  from  dust  and  refuse  some 
times  determines  the  system  that  must  be  employed.  When 
there  is  any  possibility  of  injury  from  the  accumulation  of  dirt  a 
dust  in  motors,  semi-enclosing  or  totally  enclosing  covers  are  es 
sential  on  all  motors  having  sliding  contacts.  Totally  enclosinj 
covers  stop  the  ventilation  of  the  motor  and  therefore  increase 
the  temperature  for  a  given  load,  or  decrease  the  capacity  for  s 
given  temperature.  Gritty  dust,  as  in  cement  mills,  causes  rapi< 
wear  on  the  commutators,  and  totally  enclosing  covers  are  recom 
mended  when  direct-current  motors  are  used  in  such  locations 
Squirrel  cage  induction  motors,  having  no.  sliding  contacts,  ar 
preferable  for  all  service  of  this  nature. 

The  torque,  or  turning  moment,  sometimes  determines  whid 
class  of  motors  to  use.  According  to  its  design,  an  alternating 
current  induction  motor  will  start  with  a  torque  ranging  from  on( 
to  three  or  more  times  the  torque  required  to  develop  full-load  a 
rated  speed,  and  will  stop,  or  pull  out,  with  a  torque  ranging  from 
two  to  four  times  its  full-load  torque.  Higher  relative  startinj 
torque  can  be  obtained  by  the  use  of  larger  alternating-curren 
motors,  but  in  some  cases  the  more  practical  way  is  to  empty 
direct-current  motors. 

231.    Speed  Classifications  of  Electric  Motors. — The  electri 

motor  may  assume  practically  an  infinite  number   of  differen 

forms  and  can  be  applied  to  an  almost  unlimited  number  of  uses 

Each  motor,  however,  possesses  certain  inherent  speed  character 

istics  by  means  of  which  it  can  be  classified  in  one  of  several  groups 

The  following  classification  is  that  which  was  adopted  by  the  Amer 

ican  Association  of  Electric  Motor  Manutactaxiet^  January,  1909: 

(a)  Constant-speed  Motors. — In  vrtncYi.  \kfc  3£e&&\*  <&tae&  ra 

tant  or  does  not  materially  vary,  s>uc\i  as  *^0ra<3<&o\as»  \aa\s 

duction  motors  with  small  slip,  otdvaaxY  ^ttVcm«vv  ^ 

>und  motors  and  direct-current  comyoW^o>^  m*\«r 
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no-load  speed  of  which  is  not  more  than  20  per  cent,  higher  tha 
the  full-load  speed. 

(b)  Mtdtispeed  Motor*. — Two-speed,  three-speed,  etc.,  motoi 
which  can  be  operated  at  any  one  of  several  distinct  speeds,  thes 
speeds  being  practically  independent  of  the  load,  such  as  direct 
current  motors  with  two  armature  windings  and  induction  motoi 
with  primary  windings  capable  of  being  grouped  so  as  to  fori 
different  numbers  of  poles. 

(c)  Adjustable-speed  Motors. — (1)  Shunt- wound  motors  in  whic 
the  speed  can  be  varied  gradually  over  a  considerable  range,  bi 
when  once  adjusted  remains  practically  unaffected  by  the  loac 
such  as  motors  designed  for  a  considerable  range  of  speed  by  nel 
variation. 

(2)  Compound-wound  motors  in  which  the  speed  can  be  varie 
gradually  over  a  considerable  range  as  in  (1),  and  when  once  ac 
justed  varies  with  the  load  similar  to  compound-wound  constam 
speed  motors  or  varying-speed  motors,  depending  upon  the  pei 
centage  of  compounding. 

(d)  Varying-speed  Motors. — Motors  in  which  the  speed  varie 
with  the  load,  decreasing  when  the  load  increases,  such  as  seric 
motors  and  heavily  compounded  motors.  Examples  of  heavil 
compounded  motors  are  those  designed  for  bending  roll  and  mi 
service,  in  which  a  shunt  winding  is  provided  only  to  limit  the  light 
bad  operating  speed. 

•  232.  Determining  the  Speed  Required  of  a  Motor  for  a  Give 
Application  (Earl  D.  Jackson,  Engineering  Magazine,  Septembe: 
191 1). — Ascertain  accurately  the  desired  speed  or  speeds  of  th 
machine  to  be  driven,  and  the  maximum  horse-power  as  well  as  th 
average  horse-power  required.  The  speed  or  speeds  of  the  drive 
machine  may  be  ascertained  by  tests  with  an  experimental  moto: 
or  from  data  furnished  by  the  builder  of  the  machine.  Often  ir 
dividual  motor  drive  is  to  replace  steam  or  group  drive,  in  whic 
cases  speeds  are  easily  determined. 

233.  The  horse-power  required  of  the  motor  (Earl  D.  Jackson 
should  be  determined  accurately.  The  purchaser  may  rent  a 
experimental  motor  and  ascertain  the  power  required.  This  is  pro! 
ably  the  most  satisfactory  way.  Group  drive  generally  require 
that  this  be  done,  as  the  amount  of  power  required  for  a  group  c 
machines  is  problematical.  Note  that  from  the  input  to  the  tee 
motor,  as  measured  with  a  wattmeter,  or  with  a  voltmeter  an 
ammeter,  should  be  subtracted  the  test-motor  losses,  as  the  mote 
to  be  purchased  is  rated  on  horse-power  output  or  brake-horse 
power.  Money  spent  in  the  accurate  determination  of  the  powe 
required  is  wisely  expended. 

Machine-tool  builders,  and  motor  manufacturers,  are  ofte 
requested  to  supply  the  information  as  to  how  large  a  motor  shoul 
be.  The  machine-tool  builder  often  overestimates  the  horse 
power  required  to  be  on  the  safe  side.  The  result  is  thai  the.  \skO\o« 
run  at  one-quarter  to  one-half  load  at  greatly  reduced  eSvoew 
The  electrical  losses,  and  interest  and  depreciation  oty  Wve  wrave. 

sary  extra,  investment  may  amount   to  cons\detab\fc  \xv  *.  N 

ostal/ation. 
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234.     Open   Versus   Enclosed   Motors. — The  metal   covers  oi  I 

closed  infill. iv-  reduce  t.ho  efficiency  and  capacity  of  the  motor  by 
.  preventing  free  circulation  of  air  around  the  active  elements  of 
the  motor.  Working  conditions  usually  determine  whether  it  is 
possible  to  use  the  open  motor,  which  is,  of  course,  the  desirable 
practice,  or  whether  the  presence  of  excessive  dust  renders  it 
necessary  to  enclose  the  moving  parts  of  the  motor  partially  or 
completely.  The  partially  or  semi-enclosed  motor  should  not  be 
placed  in  a  concealed  position  because  it  will  then  be  neglected. 
Perforated  covers  and  wire  screens  clog  up  by  dust  and  dirt,  sndt 
semi-enclosed  motor  becomes,  virtually,  a  totally  enclosed  motor 
with  a  semi-en  closed  rating  and  consequent  trouble. 

235'  Application  of  Vertical  Motors. — Vertical  motors  are 
recommended  only  when  the  nature  of  the  drive  renders  it  apparent 
that  they  possess  great,  advantages  over  motors  of  the  standard 
or  horizontal  type.  Yen  ical  motors  .ire,  in  general,  inclined  tn  be 
1  rou  file  so  me  ami  require  greater  attention.  They  arc-  not  generally 
kept  in  stock.  The  motor  and  repair  parts  must  be  replaced  from 
factory  stock  and  a  delay  in  shipment  usually  results. 

336.  The  rating  of  motors  is  determined  by  the  continuity  of 
operation,  which  must  accordingly  be  considered  in  makings 
selection.  The  heating  of  the  machine  due  lo  the  passage  of 
electric  current  lliniugli  il  largely  determines  the  rating.  If  too 
great  a  load  is  imposed  the  motor  will  become  excessively  hot  and 
the  insulation  will  probably  be  injured.  Obviously,  a  motor  tin 
be  rated  higher  for  intermittent  service  than  for  continuous  sendee; 
conversely,  a  motor  rated  for  intermittent  service  must  not  be  used 
at  the  same  rating  for  continuous  service.  In  any  service  a  motor 
can  nearly  always  deliver  more  than  its  standard  continuous  rated 
output  for  short  periods  only,  with  intervening  periods  of  rest. 
This  fact  is  often  overlooked,  and  motors  larger  than  necessary 
are  accordingly  selected. 

237,  Factors  Affecting  the  Selection  of  Small  Motors  ([W!/*(- 
haure  Publication).  Attern-ating-currcnt,  Single-pha'B  Motors.— 
Single-phase  motors  should  be  selected  with  starting  torque  that 
will  bring  the  machine  promptly  up  to  .speed.  Allowance  must 
be  made  for  reduced  voltage  of  circuits,  since  the  starting  torque 
varies  as  the  square  of  the  voltage.  On  account  of  too  small 
wiring  or  insulin  lent  IransiYirnicr  capacity,  the  voltage  of  mmy 
such  circuits  drops  considerably  at  times.  While  the  motor  is 
starting,  the  voltage  may  drop  to  possibly  So  per  cent,  of  its  rated 
value  at  which  the  starting  torque  of  llic  motor  is  only  approii- 
matcly  64  percent,  of  the  torque  at  full  voltage.  For  these  reasons, 
motors  to  drive  machines  from  the  ordinary  lighting  circuits 
Should  be  selected  for  the  worst  probable  starting  conditions. 
Under  especially  severe  starting  conditions,  centrifugal  clutches 
.  are  advisable  on  single-phase  motors.  The  clutch  operates  auto- 
mttJcslly  alter  the  motor  has  attained  neatly  Ml  speed,  thus 
g    hclh   the   amount  and  Uve,  duration  ol  \W  Wares.*, 

The  maximum  turning  effort,  or  torque,  ^  ^?^f^3 
t  must  afa,   be  ample  for  the  «orst  \oad  w&vwa.  ^  ■* 
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the  machine  will  probably  be  subjected,  and  with  voltage  at  least 
la  per  cent,  bcfow  rated  voltage. 

Direct-current  Motors. — The  operating  characteristics  of  direct- 
current  motors  depend  very  largely  on  the  field  windings.  The 
following  comparison  applies  to  shunt- compound- and  series-wound 
motors  of  the  same  rating  and  efficiency,  hence  the  same  rated 
full-load  current  input.  Shant-wound  motors  take  starting  current 
in  direct  proportion  to  the  starling  effort  or  torque  required,  and 
the  speed  while  operaling  remains  nvanlrjlly  constant  at  all  loads. 
Such  motors  are  most  generally  applicable  unless  the  starting  con- 
ditions are  too  severe. 

Compound-wound  motors  will  develop  higher  starting  and  maxi- 
mum torques  with  the  same  current  input  than  shunt-wound 
motors,  but  the  spe<..l  while  opera  tin<;  varies  more  widely  with 
the  load.  They  should  be  applied  where  high  starting  effort  with 
low  current  is  desired,  and  where  some  change  of  speed  with  load 
is  not  objectionable.  Also  on  circuits  with  fluctuating  voltage 
the  series  field  winding  of  such  motors  helps  to  steady  the  current 
and  speed. 

Stria-Wound  motors  develop  higher  starting  and  maximum 
torques  with  a  given  current  input  than  eil  her  shunt,  or  compound 
motors;  but  while  operating,  the  speed  varies  widely  with  the  load, 
increasing  to  a  dangerously  high  speed  at  no-load.  Series  motors 
are  applicable  where  very  heavy  torque  must  be  developed,  either 
while  starting  or  operating,  and  where  varying  speed  with  varying 
load  is  not  objectionable.  Series  motors  must  not  be  belted  or 
applied  where  the  load  may  become  very  light,  since  if  the  belt 
should  come  off,  or  the  load  be  removed  in  any  other  way,  the  speed 
would  become  excessive. 

238.  The  standard  direct-current  motor  voltage  practically 
standardized  for  factory  use  is  220  volts.  This  voltage  is  both 
economically  and  operalivcly  superior  for  direct- Current  motor 
systems  to  that  of  no  volts  sometimes  employed. 


R.,1,™ 

at 

^sarfts.™ 

i.   00- 

Semi-constant  spaed, 

10-1  oad 

i>  r . 1  . - 

Compound  motor. 

n£loadC™fi»iwoad. 

=: 

sS 

Shunt  motor,  with  adjustable  field 

:■':■.■   I..;:;-        ,  ■■  \  ■        ]■     ■:■  .■ 
with    adjustable    field   resistance. 

Adjustable    specif,    w; 

;   to 
I-load. 

Compound  motor,  mtti  «AyifflluM« 
shunt  field  resistance. 

Varying  spued,   varying 

trfta  th 

load. 

Scries  motor. 
SeriES-rommutiAiftB  B*i»  «****■ 

278       AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect!  1 

240.     Characteristics    of    Direct-current    Motors     and    Their 
Fitness  for  Different  Applications. — This   subject   is   treated,  in     " 

addition   to   the  matter  in   the   following  paragraphs,   in  several  1  ' 
paragraphs  in  this  section  starling  with  249. 

341.    Induction-motor  Applications  (A.  M   Dudley,  Eitdrb 
Journal,  July,  1908) 

Squirrel  cage 

P  ha  se-  wound 

Constant  speed 

Variable  speed 

Constant  speed        Variable  speed        " 

■■^tcB:Benera' 
''pu™PB 

1.   Starting     mr>- 

3.  Fly-wheel  ser- 

4.  Sugar  centrif- 
ugals. 

5.  Laundry     es- 

6.  Brake  motors. 

7.  Cross -head 

,.    I'lnur  mills. 

2.    Paper,        ma- 
chinery,   pulp 

6.  Line  shafting 

7.  Driving  wheel 
lathes. 

1.    Hoists     and 
winches. 

j.  Elevator..         1  ■ 

4.  Fly-wheel  mo- 
5".  Steel-mill  mi-    1' 

unloads*               ; 

7.  Dredging  nm- 

8.  Shovels. 

1.  Blowers 

4.  Line-shaft  drive. 

5.  Paper  'machin- 
ery,     calendars, 

S.SretTt?,. 

'■>.  Mine  haulaae-- 

142.     Squirrel  Cage  Induction-motor  Applications  for  Constant- 
Speed  Service   {A.   hi.   Dudley,  Eiec.   Jour.,  July,  1008).     MoSer- 
generator  Sits. — Small  starling  torque  is  required  and  good  speed 
regulation,  which  characteristics  arc  preeminently  met  by  a  squirrel 
cage  motor  with  very  low  resistance  in   [he  secondary  rings.    A 
fair  specification  on  a  large  set  is  that  it  shall  start  on  30  to  40 
percent,  of  full  voltage,  and  draw  current  not  in  excess  of  1 J  times 
full-load  current. 

Pump'. — With  a  centrifugal  pump,  decreasing  the  head  pumped 

against  increases  the  load  on  the  motur.     This  type  of  pump  will 

raise  considerably  more  than  four-thirds  the  amuunt  of  water  30 

ft.  that  it  will  40  ft.,  with  the  result  that  the  motor  is  overloaded 

if  it  is  designed  for  40  ft.  head.     In  this  the  centrifugal  pump  is 

exactly  opposite  to   the  plunger  or  reciprocating  pump,   which, 

being  positive  in  its  action,  increases  its  l»ad  wilh  increase  of  head 

and  vice  versa.     (In  some  modern  types  of  centrifugal  pump  the 

k    load  decreases  with  decrease  of  head  after  reaching  the  maximum 

1    luad  corresponding  to  the.  head  Sot  wtiv&i  \.\\e  \ito\i  i»  designed. 

1     flowers. — Rotary  blower:',  except  poatwe  \>\<v«  eta,  Vase  a  &na- 
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acteristic  similar  to  centrifugal  pumps,  in  that  the  load  varies  with 
the  amount  of  air  delivered  and  becomes  less  as  the  pressure  against 
which  the  blower  is  w. irking  increases.  That  is  to  say,  the  maxi- 
mum load  which  could  be  put  on  a  motor  driving  a  blower  of  this 
nature  would  be  to  take  away  all  delivery  pipes  and  let  the  blower 
exhaust  into  the  open  air. 

Line  Shafting—  Squirrel  cage-  motors  are  used  very  successfully 
for  driving  line  shafting  where  the  idle  belts  are  run  on  loose  pulleys, 
ill  this  way  kiA-jiiriL'  '.lih'.j!  tin:  starling  torque. 

Ce-menl  Mi/k.— The  possibility  of  entirely  covering  the  beat 
and  the  absence  of  all  moving  contacts  make  the  squirrel  cai 
motor  successful   where  the  more  complicated   constructs 
moving  contact  surfaces  of  the  wound  secondary  motor 
direct- current  machine   are  damaged   by   accumulation   of   di 
In  starting  up  a  tube  mill  it  must  be  rotated  through  nearly  _ 
per  cent,  before  the  charge  of  pebbles  and  cement  begins  to  roll. 
This  makes  the  starting  condition  severe  and  a  motor  should  have 
a  starling  torque  of  not  less  than  twice  full-load  torque  to  do  the 

Wood-working   Machinery^ — On 
great  inertia,  the  starting  torque 

long  duration  (30  sec.  to  1  min.J  that  it   is   sometimes  better  to 
apply  a  wound  secondary  motor. 

Paper   Machinery. — If   calendi.  . 
speed   motor,  it  is  necessary  to   make  some  provision  either  by 
mechanical   speed -changing   devices   or  a   small   auxiliary   motor 
for  securing  a  slow  threading  speed. 

243.  Squirrel  Cage  Variable  Speed  Motor  Applications. — These 
motors  in  general  have  li igh-rnsistance  cud  ring*,  high  slip  and  high 
starling  torque.  The  toruue  increases  automatically  as  the  speed 
decreases.  In  these  general  respects  they  resemble  a  direct-cur- 
rent series  motor  and  are  in  fact  fitted  for  the  same  class  of  work, 
with  the  added  advantage  that  they  have  a  limiting  speed  and 
cannot  run  away  under  light  load. 

Flywheel  Service.  —  In  driving  tools  which  are  used  with  fly- 
wheels, such  as  punches,  shears,  straightening  rolls  and  the  like, 
the  usefulness  of  high  slip  comes  in,  as  if  the  fly-wheel  is  to  give 
up  its  energy,  it  is  uhligvd  l.u  slow  down  in  speed  when  the  load 
comes  on.  A  motor  with  good  regulation  and  low  sbp  would 
try  to  run  at  constant  speed,  tarrying  the  flywheel  and  load  as 
well,  but  the  motor  in  question  ''lies  down"  ami  allows  the  flywheel 
to  carry  the  peak  load,  speeding  up  again  ulu:n  the  peak  has  passed. 

In  sugar  centrifugals  is  an  application  where  the  sole  purpose 
of  the  motor  is  to  accelerate-  tin:  load  to  full  speed,  in  say  30  sec, 
where  it  is  allowed  to  run  1  min.  and  then  shut  down  to  repeat 
(he  cycle  a  minute  later.  The  centrifugal  consists  of  a  cylindrical 
basket  with  perforated  walls  and  mounted  around  a  vertical  shaft 
as  an  axis.  The  same  principle  is  umx!  in  laundry  extractors  where 
the  wet  linen  is  placed  in  a  similarly  perforated  basket  and  the 
waler  whirled  out  by  ec-firr/niga]  force. 
344.  Applications  of  Constant-speed  Motors  W\Vk  VfeM*- 
wound  Secondaries.  -There  are  classes  of  service  -wWcto.  ««*»« 


he 
id 

I 
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heavy  starting  torque  combined  with  dose  speed  regula 
after  the  motor  is  up  to  speed.  These  requirements  are  c 
sali-.lii.-il  by  a  motor  with  a  phase- wound  secondary.  The  st 
ary  winding  itself  has  a  very  low  resistance,  which  remit)  i 
small  "slip,"  high  running  efficiency,  power  factor  and  j 
regulation  when  the  secondary  is  short-circuited.  The  insei 
of  external  resistance  enables  the  motor  to  develop  maxii 
torque  at  the  start  with  a  moderate  starting  current. 

Flour  Milh. — The  number  of  line  shafts,  belts  and  gears 
flour  mills  makes  a  very  heavy  starting  condition  and  the  nal 
i  if  (he  product  and  its  qualitj  demand  absolute  speed  within  a 
revolutions  per  minute.     The  best  solution  is  the  phase-woim 

Other  Example!.— There  is  another  class  of  machinery  " 
is  not  so  exacting  about  regulation  but  which  has  the  same  feat 
of  heavy  starling  and  runs  continuously  after  once  up  to  s 
Under  tins  head  come  most  of  the  applications  of  this  type  of  n 
They  are,  paper-pulp  grinders,  which,  on  account  of  the  incr 
the  grindstones,  are  hard  to  sta-rt;  pulp  beaters,  belt  convt 
whii  I]  may  be  required  to  start  when  full  of  coal;  rock  or  ce 
crushers;  air  compressors,  which  have  a  high  starting  fricliiin 
cause  of  the  construi  tion  and  the  number  of  parts;  line  shi  "' 
where  the  belts  run  for  the  most  part  on  the  working  pulleys  ai 
are  therefore  heavy  to  start.  Under  the  best  possible  cond'iti. 
if  line  shafting  is  employed,  the  loss  of  power  from  this  sou** 
alone,  due  to  friction,  is  25  per  cent,  to  30  per  cent,  and  may 
up  to  40  or  50  per  cent.  This  is" a  strong  argument  for  Individ 
drive  of  machine;  wherever  practicable. 

245.    Application  of  Motors  with  Phase-wound   Seconder** 
for  Variable-speed  Service. — The  application,  which  is  typical  a 
this  class,  is  found  in  hoist  and  crane  service.     Motors  for  I 
work  are  designed  for  intermittent  npi-raliim  am!  given  a  nomin. 
rating  based  upon  the  horse-power   which  they  will  develop  lu 
hr.  with  a  temperature  rise  of  40  deg.  cent.     They  never  operate 
as  long  a  period  as  30  min.  continuously  and  they  are  called  u| 
at  times  to  develop  a  torque  greatly  in  excess  of  their  non  ' 
rating.    For  these  reasons  motors  of  this  class  should  neve 
applied  on  a  horse-power  basis,   but  always  on  a  torque  t 
Since  torque  is  the  main  consideration  and  the  service  is  ii 
mitlent  these  motors  are  usually  wound  for  the  maximum  to 
which  they  will  develop  ami  given  a  nominal  rating  based  Upon  0 
third  to  one-half  of  this  torque.     Double-drum    hoists,    haul 
in  balance,  and  largo  mine  haulage  propositions  in  general  reqnli 
a  motor  rated  on  a  different  basis.     For  this  sen-ice  tl 
should  have  (he  necessary  maximum  torque,  and  be  able  t< 
for  about  two  or  three  hours,  with  a  safe  rise  in  temperaturt. 
horse-power  equivalent  to  the  square  root  of  the  mean  square  it 
qtiiremcat  of  the  hoisting  cycle.    Tnesc  w<;  <ji\Vj_  ^eoErai  r  ' 
Ac  mast  careful  ton  side  rati  on  snouldbe  svm'meuii  v 
sc  to  secure  a  motor  which  will  perform  v\wt  «oi  ■sa.vw 
:/<W  and  Ore  Clouding   A/[i.:Jmn..t>'.     D' '^  \-*rX™£ 
*  to  the  complication  ol  toe  cyde  <*  ob"***  ^«<^ 


21 


GENERATORS  AND  MOTORS 


iky  in  providing  a  motor  for  this  apparatus  than  in  the  case 
ulain  hoist.  Usually  the  number  of  cycles  per  hour  given  is 
laslmum  which  the  apparatus  can  develop  and  in  practice  it 
lot  be  possilile  in  operate  lit  so  high  a  ipi'ed.  This  in  itself 
newhat  of  a  factor  of  safety,  though  it  i-  not  one  that  can  be 
,  upon,  as  the  test  for  aiipplance  if  ordinarily  made  at  the 
act  numhei  of  operations  per  hour. 

e  most  impressive  application  of  motors  of  this  class,  and 
Lps  in  the  operation  of  any  electrical  apparatus,  is  the  fly- 
1  motor -genera tor  set  (or  hoisting  or  heavy  reversing  roll 
:e  in  steel  mills.  Service  oi  this  nature  is  extremely  fluctu- 
in  its  requirements,  having  very  gnat  peaks  one  instant  and 
at  nothing  the  next. 


246.    Operating  Speeds  < 

eixcolar  (wood;     .......... 

band  (woufl> 


Various  Machine  Tools 


247.    Size  of  Motors  to  Drive  Machine  Tools 


!M 


Motor-driven  Wood-working  Machinery.— Alt ernating- 
ainel  cage,  constant  speed  inrtuaiw  moto^  \.c«m  *mi 
>Ic  drive  fur  the  majority  ot    woi«V,«oita!v&  n 
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In  some  few  machines,  as  in  "hogs"  for  reducing  slabs  to  kindling, 
high  flywheel  effect  makes  starting  difficult,  and  motors  with 
phase-wound  rotors  and  external  resistance  are  preferable.  For 
machines  requiring  adjustable  speed,  such  as  certain  types  of  wood 
lathes,  direct-current  shunt-wound  motors  give  the  best  results 
because  of  the  greater  range  of  speeds  possible. 

249.  Individual  Motor  Drive  and  Group  Drive  for  Wood-work- 
ing Machinery. — Individual  motor  drive  should  be  used  for  single 
machines  that  are  operated  more  or  less  irregularly  but  at  their 
full  capacity.  This  applies  to  most  wood-working  machines. 
Group  drive  is  satisfactory  for  machines  used  frequently  but  not 
simultaneously.  Thus  an  emery  wheel,  knife  grinder,  carving 
machine,  cabinet  saw  and  disc  sander  can  all  be  run  by  one  motor, 
which  can  have  a  capacity  of  considerably  less  than  the  aggregate 
rating  of  the  machines  it  is  used  to  drive. 

250.    Size  Motors  Required  to  Drive  Wood-working  Tools 


Machine 


Size 


Motor  h.p. 


Jointers 

Inside  molders. 


Outside  molders. 


Mortising  machines 

Planers,  matchers,  and  molders. 


Surfacers 

Belt  sanders 

Column  sanders. 
Disc  sanders 


Drum  sanders. 


Spindle  sanders. 
Band  saws 


Band  re-saws. 


Circular  saws,  single  cut  off. 

Circular  rip  saw 

Timber  sizers 

Tenonizing  machines , 


{ 


Small 
Large 
8X4 
15X6 

4X4 

8X4 

14XS 


9X   6 
30X12 
Small,  slow  feed 
Large,  rapid  feed 


16-in.  drum 
42-in.  drum 
60-in.  drum 
80-in.  drum 
102-in.  drum 


Small 
Large 
8X24 
28X36 
14  in. 
36  in. 
60  in. 
14  in. 
36  in. 


{ 


Small 
Large 


2 
5  to  7* 

IS 
20  to  30 

5 

10 
20 

3  to  5 

30 

40 

S 

30 

3  to  5 

3 

3 

3 
10 
20 
30 
40 

3 
3 

20 

IS 
40 

3 

5 
60 
10 

IS 
30  to  50 

3  to  5 
10  to  IS 


251.    Motor-driven     Pumps     (Westinghouse     Diary). — Either 
direct-current  or  alternating-current  motors  are  satisfactory.     (See 
254.)    For  most  cases  shunt-wound  direct-current  and  squirrel 
*ge  alternating-current  motors  are  suitaftAe*,  Wt  Vaeo.  >ik&  *\as\.- 
r conditions  are  severe,  as  when  the  pump  m^t^^M^ 
ill  discharge  pipe,  compound-wound  oAiect-cuwuX  u&  ^ 
wf  a/teraat/ngr-current  motors  we  pisteraw^ 
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3$2.     Power  Required  for  Printing  Machinery 
(W.  0.  Webber,  "Power") 

h. 

M  in.  by  5J  in-,  >  rev..  No.  8  C  11  ■■  D  ;■--.■    ■■.    i '•  .  ni  p, .  a  to         i 

>;  in.  by  41  in..  No.  '"  Adams  press.  it,  ineinxi.mi  ...-  r^.n                   „ 

is 

a 

44 
43 

U  in.  by  64  in.,  Huber  perfecting  press,  automatic  feed 

■  ° 

£  S  S    One  iu-fiiKc  '■■.■■  !.  p.  !■ 

£  og    One  1 5-page  web  perfecting  press,  u.000  per 
'A  o.S.    One  la-page  web  perl,    •  i,K  press,  34.000  per 
One  32-page  web  perfecting  press.  1  2.000  par 
!':                        '.-.■■.: 

-C'ot      c°»e  ="«'    ■                                -  :  -  ;.m. 

a"^£onetackrtarche™3  ».X'£l"l?iV','..*"!ii   Vis 
§  s  £  &  JrOnc  indigo  skying  maihr.t.  5  vats  a^lwjr  king 
^  «°      nOne  40-in.,  3-roll  calif  Am.  work.ng  lu::.  »34  I 

If                           20 
p.m    .                  3 
uifXr.pim.'     < 

353-    Power  Required  to  Drive  Printing  Presses 
(Walter  Scott  and  Co.  specifications') 

Mach. 

bed  in. 

hour 

Class   C.    newspaper 

j 

37    X    SI 

IS 

5                     3' 

Class  D,  job  news  drum 

6 

17    X    22 

11 

*    496            s' 

S 

Class  E.  high-speed  drum 

1 

26    X    30 

2^50 

6. sa            3. 

7.56            3 

ta.""  ■"■  "'■•" 

i 

20    X    36 

2:000 

6.8                    3. 

6 
I 

27.5X30 

35'    X46 
38      X48 

sine            4 

1  Walter  Seott  and  Co.  recommend  1  h.p.  more  than  is  called  for  in  e 
Case,  as  this  Bivcs  a  liberal  maruiu  lor  coolness  :"  running  and  reserve  po 
for  special  work. 

254,    Power  Required   (or   Pumping. — The  stic  ot  mo\fin 
paired  far  operating  a  pump  can  be  roughly  tle\etmu\c&  \i 
1,'lki "in!,'  formula: 

f,r    _   8-P-m.  X  H 

&e 
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where  g.p.m.  is  the  gallons  pumped  per  minute,  and  U  is  the  !< 
vertical   lift   in   feet.     This   formula   neglects   friction   head 
assumes  an  efficiency  of  about  50  per  cent,  for  the  pumping  unit. 
The  following  formula  is  exact  for  fresh  water: 
g.p.m.  X  fH+F) 

h* s«r 

where  F  is  the  friction  head  and  E  the  efficiency  of  the  pump  ex- 
pressed in"  hundredths.     For  sea  water,  the  result  should  be  multi-   [ 
plied  by  1.026. 

INSTALLATION  OF  MOTORS  AND  GENERATORS       1 

155.    Brief  of   Underwriters'   Rules  Covering  the  Installation    ; 
of  Generators  {Factory  Mutual  Fire  Insurance  Co's.  Handbook).— 
Generators   should   be   located   in   clean,  dry  places,  away  from    I 
combustible  materials;  and  a  light  location  rather  than  a  dart    I 
one  is  always  preferable.     It  is  not  desirable  to  place  them  in  the    I 
work-rooms  of  a  plant  where  combustible  material  abounds,  as    I 
in  the  ordinary  textile  mill,  though  they  may  sometimes  be  so    I 
located  if  properly  cut  off  from  the  main  room  by  a  dust-tight    1 
plank  partition.     A  location  ^u  liable  fur 
a   first-class  steam   engine  is  none  too 
good  for  a  generator. 

A  solid  foundation  ia  necessary  for  smooth 

....  .  .  ... 

seii-1     framework,     which  .  encloses    a     pint 
dean. 

156.  Brief  of  Underwriters'  Rules 
\  Covering  Dynamo  Wu-ing(iri>i>igMrf 
of  the  Factory  Mutual  Fire  Insurance 
Companies). — Since  there  is  generally  a 
considerable  number  of  wires  brought  close  together  in  this  room, 
particularly  in  the  vicinity  of  the  switchboard,  the  use  of  a  "slow- 
burning"  insulation  is  of  great  importance.  As  automatic  sprinkler 
protection  is  not  always  advisable  in  dynamo  rooms,  the  necessity 
for  reducing  as  far  as  possible  the  chances  of  a  fire  at  this  point  it 
at  once  evident.  The  deriiatimty  of  fireproof  construction  '" 
out  the  dynamo  room  is  especially  emphasized. 

Special  care  should  be  exercised  in  rigidly  supporting  a 
oughly  insulating  the  wires  from  generator  to  switchboard,  as 
main  cutouts  are  usually  on  the  switchboard  and  a  short-cir< 
between  these   wires  would,  therefore,  be  likely-  to  burn  or 
armature. 

257.     Brief  of  Underwriters'  Rules  Covering  the  Installal 
Motors   {Factory   Mutual  Fire   Insurance   Co's.  Handbook). 
use  of  voltages  above  550  in  rooms  where  manufacturing  pri 
are  being  carried  on  will  be  approved  only  when  every  pneth 
safeguard  has  been  provided.      Plana  for  such  installations  du 
be  submitted  to  [he  Inspection  Department.  \1e\0te  «otV 
is  begun. 
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Direct-current  motors  and  alternating- current  motors  wit 
brushes  should  be  so  located  or  enclosed,  especially  in  dusty  o_ 

:  .1  ■  ■.  i  I  i      I  j  L  - 1 

around  them  and  become  ignited  by  serious  sparking  at  the  brushes. 
Similar  protection  should  also  be  provided  in  wet  places,  as  most 
electrical  machinery  is  injured  by  continued  exposure  to  moisture. 
Alternating- current,  induction  motors  of  the  type  without 
brushes  can  be  safely  located  in  almost  any  part  of  a  textile  plant 
■without  being  enclosed,  being  generally  no  more  dangerous  than 
any  other  piece  of  nuu  hi  aery  running  ;■[  the  s;i  me  speed. 

For  light  work,  direct-current  motors  which  have  all  of  the 
working  parts  enclosed  in  an  iron  case  are  on  the  market,  and 
these  "enclosed"  motors  may  be  treated  in  the  same  way  as 
induction  motors  without  brushes. 

Where  an  enclosure  around  the  whole  motor  is  provided,  it 
should  include  the  starting  rheostat  or  auto-starter,  as  well  as  the 
main  switch  and  fuses  or  circuit-breaker,  and  should,  if  possible, 
he  of  such  a  size  as  will  permit  the  attendant  to  enter  it  and  easily 
'  get  at  any  part  of  the  apparatus.  It  should  preferably  be  made 
largely  of  glass,  so  as  to  keep  the  motor  in  full  view  of  the  attend- 
ants, thus  promoting  cleanliness  and  making  i;  possible  to  quickly 
discover  any  derangement.  It  should  also  be  thoroughly  venti- 
lated, in  order  to  prevent  undue  hen  tine  of  the  elect  Heal  machinery. 
Where  the  use  of  a  motor  is  permitted  in  a  dusty  or  linty  place 
without  being  enclosed,  or  if  the  enclosure  provided  for  it  is  too 
small  to  include  anyihim:  else,  the  rheostat  or  auto-starter  and 
the  main  switch  and  fuses  or  circuit -breaker  should  be  placed  in 
a  dust-tight  cabinet  of  approved  construction.  Similarly,  in  wet 
places,  these  accessories  -hnuld  be  protected  from  moisture  in  a 
cabinet  which  is  thoroughly  water-light. 

358.  Commonwealth  Edison  Company  Rules  for  Motor  Wiring 
{Commonwealth  Edison  Co.  Handbook). — Wiring  for  motors  should 
be  so  arranged  that  the  current  used  for  powei  purposes  may  be 
metered  separately  from  (hat  used  for  lighting.  Wiring  for  ele- 
vators should  also  be  arranged  so  that  current  used  on  elevators 
may  be  metered  separately  from  that  used  for  other  power.  /  " 
motors  larger  than  1  h.p.  must  be  wound  for  220  volts,  and  it 
preferred  that  motors  of  f  h.p.  and  larger  be  so  wound. 

No  motors  larger  than  5  h.p.  will  be  supplied  on  single-phase 
system,  except  by  special  permission,  given  by  the  Inspection 
Department  of  the  Company  in  each  case.  Motors  of. 5  h.p.  and 
larger  will  be  supplied  on  the  three-phase  system  at  60  cycles, 
i:o  volts,  where  three-phase  current  is  available.  No  motor  will 
be  connected  which  requires  more  than  three  times  full-load 
current  in  starting  without  load. 

350.  Foundations  are  necessary  {Practical  Electricity)  to  sup- 
port and  maintain  in  alignment,  generators  and  other  electrical 
machines  of  any  considerable  size.  Foundations  are  made  of 
masonry,  Erick  or  stone  set  in  mortar  (preferably  cement  mortar) 
will  do,  but  concrete  is  almost  universally  used  because "tt.VsMWMS.'j 
the  cheaper.  A  r  :j  :6  (1  part  cement,  3  parts  ctuaVcA.  3uwmi  "" 
grave!  and  6  purls  sand  by  bulk)  or  even  a.  1 '.  1  '.  T  mvx.vws  "A  c 
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crete  will  give  excellent  results.     Brick  or  stone  for  foundation; 
can  be  set  in  a  1  part  cement  and  3  parts  sand  mortar. 

360.    The  size  of  a  foundation  is  determined  by  the  size  of  th<   ," 
machine  supported  and  by  the  stresses  imposed  by  the  machine   ."' 
The  area  of  base  of  any  foundation  must  be  great  enough  th»J  it 
weight  and  the  weight  of  the  machine  supported  will  not  cause   v 
it  to  sink  into  the  soil.     The  bearing  power  of  soils  is  given  inTahk   -.'a 
260A.     Where  a  machine  is  not  subjected  to  any  external  forces,   u 
that  is,  where  it  is  self-contained,  lln;  only  re(|uirement  of  the  foun-     jj, 
dalion  (provided  the  machine  is  not  one  that  vibrates  excessively)    ,'.. 
is  to  keep  it  from  sinking  into  the  ground  and  the  lightest  possible    L 
foundation  that  will  do  this  will  be  satisfactory.     Therefore  motor- 
generators  and  rotary  converters  do  not   require  heavy  found*-    3j 
tions.     Machines  that  arc  driven  by  or  drive  external  apparatus    l: 
require  foundations  heavy  enough  to  resist  the  tendency  of  the    c 
external  apparatus  to  tip  or  to  displace  the  foundation.     No  rult  1 
can  be  given  for  determining  the  proper  weight  for  a  foundation, 
in  such  a  case.     However,  with  a  stilid  [.modal  ion,  it  is  usually  tint  I 
that  if  the  foundation  is  larfc  enough  to  include  all  of  the  founda-  I 
tion  bolts  of  the  machine  and  to  extend  to  good  bottom,  it  will  b«  I 
sufficiently  heavy.     Experience  is  required  to  enable  one  to  design 
the  lightest  possible  ioundaliiin  that  will  do,  so  it  is  well  for  the 
r  to  be  sure  that  his  foundation  is  heavy  enoi'gh. 

260A.  Bearing  Power  of  Soils  {Standard  Handbook) 
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160B.  Foundations  for  machinery  should  be  entirely  separate 
from  those  of  the  building  {Standard  Handbook).  Not  only  must 
the  foundations  be  stable,  but  in  wn-.r  locations  it  is  particularly 
desirable  that  uo  vibrations  be  transmit  led  in  adjoining  rooms  and 
buildings.  A  loose  ot  sandy  soil  dors  not  transmit  such  vibrations 
readily,  but  firm  earth  or  rock  transmits  them  almost  perfectly. 
Sand,  wool,  hair-felt,  mineral  wool  and  asphaltum  concrete  are 
some  of  the  materials  used  to  prevent  this.  The  excavation  for 
Tjthe  foundation  is  made  from  3  103  ft.  deeper  and  3  or  3  ft.  wider  on 
I  tides  than  the  foundation,  and  the  sa.r.4,  ot  -wW\s.vex  ma\.fti«i 
'.■i/cs  this  extra  space. 
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260C.  A  templet  (Fig.  m)  giving  the  location  of  all  bolts  to  I 
used  in  holding  the  machine  in  place  should  be  furnished,  and  tl 
bolts  may  be  run  inside  of  iron  pipes  having  an  internal  diamete 
a  little  grcalcr  than  the  diameter  of  the  bolt.  This  allows  som 
play  to  the  bolt  and  is  found  very  convenient  for  the  linal  align  men 
of  the  machine.  (See  Fig.  112.)  The  bolts  arc  sometimes  cast  i 
solid.  Templets  for  foundation  bolts  can  be  made  from  J-in. 
boards.     The  bolts  are  supported  in  the  templet  while  the  concrete 

is  being  formed.     See  Fig.  1 1 1  for  an  example  of  a  simple  templet. 
261.     Foundation  bolts  arc  usually  mild  steel  rods,  threaded  (or 

nuts  on  both  ends,  of  such  diameter  that 

they  will  readily  pass  through  the  holes 

in  the  machine  bed-plates.      Fur  small 

machines,  ordinary  machine  bolts  will  do. 

Bolts  should  nlwuys  extend  nearly  tc    ' 


bottomof  the  foundation.  (SeeFig.r 


1 ,/    '■  r 

1 

■■■  1 

J 

262.  Foundation  washers  arc  used  on  the  lower  ends  of  the 
bolts  to  retain  them  in  the  foundation.  (See  Fig.  112.)  Ordinary 
round  building  washers,  pieces  of  steel  plate  with  holes  punched 
in  their  centers,  pieces  of  angle  iron  or  old  rails  are  sometimes  used 
for  foundation  washers.  But  the  form  of  cast-iron  washer  shown 
in  Fig.  113  is  better. 


Pic.  113— Dimensions  of  foundation  washera. 

263.    Foundation  pockets  arc  provide*]  in  [oundniions  where  it  is 

thought  desirable  to  have  the  bolts  removable.     A  pocket  is  a  hole 

in  the  side  0/ a  foundation  arranged  so  that  die  ttvrt.wYW\.w«  «■«.■«&. 

o(  *  foundation  boll  can  be  reached.    (.See.  ¥V%,  vt^    Qxteoaxv^ 
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foundations  are  not  pocketed.  The  bolts  are  cast  in  solid.  II 
bolts  are  removable  it  is  not  necessary  to  raise  the  bed-plate  of  a 
machine  up  over  them  to  mount  it.  The  bed-plate  is  shifted  into 
position  and  then  the  bolts  are  dropped  in.  Washers  similar  to  that 
of  Fig.  115,  which  have  a  pocket  for  the  nut,  are  preferablelw 
pocketed  foundations.  -*  . 


264.  Foundation  Design.— Where  feasible,  the  design  of  Fig.  116 
should  be  used,  which  is  as  simple  as  can  be  laid  out.  The  form 
for  such  a  foundation  consists  of  a  substantial  box  having  no 
bottom.  Where  the  earth  is  self-sustaining  such  a  foundation  can 
be  made  by  throwing  the  concrete  into  a  hole  of  proper  proportions 
(Fig.  117).    The  sides  of  the  hole  constitute  the  form.     Founda- 


4S>":; 

'■■■ 

-"■■■v 

• 

Pig.  1 


—Foundation  fast  with- 


tions  of  this  type  can  be  used  for  machines  that  have  solid  bed- 
plates, that  is,  for  bed-plates  through  which  air  for  ventilating  the 
machine  is  not  expected  to  rise.  Where  such  a  foundation,  if  cast 
*b'd,  would  be  unnecessarily  heavy,  it  can  \ie  WAn-wed  wit  at 
'gestedia  Fig.  118. 
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Where  considerable  area  of  base  is  required,  a  solid  foundation 
:an  be  made,  as  suggested  in  Fig.  iig,  with  an  extended  footing. 
The  footing  may  consist  of  one  or  more  steps.  No  step  should  be 
ess  than  S  in.  thick.  The  "rise"  and  "  .viilih  "  of  ii-adi  step  should 
le  about  equal.  It  is  necessary  sometimes  to  thus  extend  the  base 
"'     pressure  on  the  soil  within  a  safe  value. 


Botr 
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\ 
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Where  machines  have  open  bed-plates  similar  to  that  of  Fig.  120 
provision  should  be  made  for  "ventilation"  of  the  machine.  It 
should  be  arranged  so  thai  air  i:;in  rUc  all  about  i(  liik.1  keep  it  cool. 
Fig.  121  shows  one  type  of  "ventilated"  foundation  which  is 
designed  for  the  bed-plate  of  Fig.  120.  A  foundation  for  a  large 
engine-driven  generator  can  be  made  as  suggested  in  Fig.  122. 
This  design  affords  ample  ventilation.     A  machine  with  an  open 


mm 


Pig.  120.— Open  bed-plate.  Pic 

bed-plate  can  be  supported  on  foundat 
Fig.  123,  a  design  used  lor  water-wheel  generators,  but  probably 
a  design  simUar  to  that  of  Fig.  tai  is  better,  in  that  it  provides  a 
support  under  the  entire  bed-plate.  Undrained  pits  under  machines 
should  be  avoided  because  they  collect  dirt  and  oil.  A  machine 
not  exceeding  sokw-amp.  in  capacity  may  be  supported  by  a  frame- 
work of  timber.  Other  types  of  machines  require  heavier  founda- 
tions and  should  be  secured  by  foundation  holts  set  with  a  templet 
as  above  indicated.  A  drawing  or  blue-print  of  the  generator  base 
or  bed-plate,  will  be  furnished  by  the  manufacturer  of  the  machine 
on  application. 

265.   Underwriters'  Rules  Specifying  Sizes  oi  'WiiftB  ten  l&ratt* 
'•Bads. — A  conductor  carrying  the  current  oi  oti\v  one  motot  "nsasX 
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be  designed  to  carry  a  current  at  least  15  per  cent,  greater  than  tin  1 
for  which    the  motor  is  rated.     Where  the  wires  under  this  ra 
would  be  over-fused  in  order  to  provide  for  the  starting  current, 
in  the  case  of  many  of  the  alterna- 
ting-current   motors,    the    wires 
must  be  of  such  size  as  to  be  prop- 
erly  protected    by    these    larger 
fuses.     {.SViT   mfidiftcdlhui    of  this 
ride  for  a  special  case  in  267.) 


Pig.  hi.— Foundation  for  an  Fig.  i>3- — Machine  supports! 

engine-driven  generator.  on  columns. 

The  current  used  In  determining  the  size  of  a  conductor  carryii 
the  current  of  only  one  varying- speed  alternating-current  nwtt 
must  be  the  percentage  (if  the  30-minutc  current  rating  of  the  mctt 
is  given  in  the  following  table 


ClaBBificat 

on  of  Services. 
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Orating  valves,  raisin 

I  or  lowering  rolls 

180 

1  handling  mach 

Freight  and  passenger  el 

e*.  tool  heads. 

withrthe  load,  decreasinR  wliTn  the  load  increases,  s 

not  mean  motors  in  whith  111.--  spoilt  i-.  -VTriL'd   by  fl- 
ings or  grouping  of  v.indini?.  or  rn  jtors  i".   -.v-hich  th< 


n  speed,  the  i 


266.  Wiring  Table  {or  Direct-current  Motors.— The  values  thit 
are  here  tabulated  represent  experience  of  an  employee  of  an  Under- 
writing Department.     Table  based  on  average  efficiencies  quoted 
by  several  motor  manufacturers.     Table  is  compiled  on  the  bask 
of  installing  conductors  of  25  per  cent,  greater  carrying  capacity 
than  required  for  the  normal  iull-load  running  current  of  the  motors. 
Commercial   sixes  of  fuses,  switches,   etc.,  have  been  used  even 
though  they  are  of  slightly  greater  capacity  than  that  indicated 
necessary  by  the  calculations. 
Where  two  or  more  motors  are  su.^1"^  Worn  o\w  %tv™e  « 
from  the  same  feeder,  the  sue  oi  service  ot  ieedet  ma.^  \*  toj 
mined  by  adding  toe/ether  the  upprdxinvAtc  \a\VViiiora™1* 
"■-  different  motors  as  given  in  tabic,  and  Wnfe^  «*A> 
on  this  total  current. 
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Wiring  Table  for  Direct-current  Motors  (continued) 


Voltage' 


Approx. 

full-load 

current 


Size  of 
fuses 


Size  of 
switch 


Size  of  wire, 

B.  &  S. 

gage 


no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 

no 
220 
500 


2. 
1. 
o. 

4- 
2. 

1. 

8. 
4- 


4 
2 

5 

8 

4 
,0 

4 
3 


1.8 

17.0 
8.5 
37 

20.0 

10.  o 

44 

24.0 

12.0 

53 

28.0 

14.  O 

6.0 
40.0 

20.0 

8.8 

60.0 
30.0 

13.  S 

80.0 
40.0 
17. S 

120.0 
60.0 
26.3 

154- o 
770 
34- 0 

192.  S 

96.3 
42.4 

232.0 

116. o 

50.8 

270.0 

1350 
59.2 


4 
3 

1 

6 

4 


12 
6 
3 

25 
12 

5 

25 

IS 

6 

30 

IS 
8 

35 

20 

8 

SO 

25 
12 

75 
40 
18 

100 
50 
25 

150 

75 
35 

200 
100 

45 

250 

125 
60 

300 

150 

70 

350 
175 
75 


5 
5 
5 

10 
5 
5 

15 
10 

5 

25 

15 

5 

25 
15 
10 

30 

25 
10 

35 

25 
10 

50 
25 
15 

75 
SO 
«5 

100 
50 
25 

ISO 
75 
35 

200 

100 

SO 

250 

ISO 

75 

300 
ISO 

75 

400 
200 


14 
14 
14 

14 
14 
14 

14 
14 
14 

10 

14 
14 

10 
12 
14 

8 
12 

8 

12 

14 

6 
10 
14 

3 
6 

12 

1 

6 

10 

00 

3 

8 

0000 

Z 
6 

300,000 
o 
3 

350,000 

00 

3 


/        50Q      I  59.2    [  75       \  TS      \; ] 

,  ™*j5/ppi,es  to  volt*8es  of  from  100  to  12s  vo\t*.  220-vQW. 
volts  and  soo-  volt  data  to  500  to  600  vo\ts. 
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266.    Wiring  Table  for  Direct -cunen 

Motors  (continued) 

;= ' 

Vol  taut' 

Ju'l-i.a.t 

Siie  of 

Size  of 

Site  Ql  • 
B.4S. 

.. 

§ 

67  Is 

83.0 
ni'.o 

Si! 

600 

400 

500,00t 

300,0 

» 

SOO 

568.0 
3S4.0 

B 

!oo 

««a 

-. 

son 

?||;° 

"5 

SEo 

». 

SCO 

680.0 

8S0 

'si 

''loo;™ 

„, 

E 

373-0 
164.0 

'6oo 

is° 

J,400,OO° 

1  See  note 

precd!*.. 

«. 

167.  Determining  Sizes  of  Wire  and  of  Fuses  for  Inductiw 

Motors. — The   i()i5   Xutitmal   l-'.lcclrical  Code  rules   applying  10 

this   class    of   wiring   are   substantially    as   fallows:   Rule  13c— 

"tVAere  rubber-covered   conductor    carries  the  current    of  only   one 

A.    C.    motor    of  a.    type  requiring    large    starling    current,    it   no} 

be  protected  in   aciord.ince   -,..ith    Table    II    {other  insulations  Mo* 

rubber)   of  No.   18."    Rule   68*— "Fuses   must  be  so  constructed 

that  with  the  siirri-undint,  atmosphere  at  a  temperature  of  75  dt{. 

fahr.  (24  deg.  cent.)  they  will  carry  indefinitely  a  current   10  ptr 

cent,  greater  than  that  at  which  limy  are  ruled,  and  at  a  current  1$ 

/er  am/,  greater  than  the  ruling  at  which  lke;j  untt  o^eiv  ita  circuil 

without  reaching  a   temperaturt  luliicli  unfl  injure  the  Just  tutat  w 

terminals  of  the  fine  block.     With  a  current  50  oer  cent  .BMlti  IV» 

tie  rating  and  at  room  temperature  of  IS  "1*6:  l™TA*ft*n-  <*nVV 

i  time   st^ciJveA  as  J*. 


war  starting   cold    must   biota   viitkm  the  I 
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1-60  amp.,  2  min.;  61  ■  100  amp.,  4  min.;  ioi-ioo 
00  amp.,  12  min,;  40L-600  amp.,  15  min. 
3tor  designed   to   meet   the  best   condition  of 

ould  have  as  low  an  impedance  as  practicable, 
■signed  necessarily  takes  a  very  large  current  in 

:  being  inversely  proporiional  to  the  impedance, 
t,  therefore,  varies  with  the  load  the  motor  must 

condition  found  in  practice  is  100  per  cent.  load, 
oad  the  starting  current  will  be  about  four  times 
□  a  starling  compensator  is  used  and  very  close 
current  when  the  motor  is  thrown  directly  on 

current  does  not 
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a  capacity  equal  to  two-thirds  of  the  starling  current  and  selecting 
a  size  cf  wire  having  the  carry  in£  cap;u  it y  nearest  to  the  rating  oi 
the  fuse,  using  the  carrying  capacity  given  in  Tabic  B  of  the  National 
Electrical  Code. 

There  seems  to  be  no  rule  regarding  the  fusing  of  weatherproof 
wire  which  makes  any  concession  for  this  class  of  insulation,  but, 
owing  to  the  fact  that  weatherproof  wire  is  never  installed  in  , 
conduit  and  therefore  radiates  effectively,  it  would  seem  to  be 
permissible  to  make  the  same  reduction  from  Table  B  as  is  made 
between  Tables  A  and  B. 

268.  The  tables  on  alternating-current  motor  wiring  (270  to 
173)  ate  for  installations  where  motors  do  not  start  under  full-load. 
The  wire  sizes  shown  arc  those  that  should  be  used  for  the  branch 
circuit,  from  the  main  or  distribution  center,  to  the  motor.  Sizes 
of  wires,  switches,  etc.,  for  slow-speed  motors  should  be  larger  in 
proportion,  as  I  he  full-hud  currents,  u:  slow-speed  motors  are  larger 
than  the  values  given  in  the  tabic,  for  motors  of  standard  speed 
Add  12  per  cent,  for  speeds  of  goo  to  600  r.p.m.  In  some  cases 
and  under  some  circurn stances  this  pen-en t age  will  not  be  sufficient 

Values  given  in  the  tables  for  sizes  of  wire,  switches  and  fuses 
are  not  large  enough  for  motors  which  start  under  practically  full- 
load  or  greater,  such  as  motors  operating  pumps  or  compressors 
starting  under  full  pressure,  rock  crushers,  or  machinery  having 
heavy  dywhcels.     See  Sect.  IT,  Par.  ia7,for  data  regarding  starting 

Where  several  motors  are  supplied  from  one  service  or  from  the 
same  feeders,  size  of  service  or  feeder  wire  may  be  determined  by 
adding  together  the  values  in  columns  marked  "approximate  full- 
load  current''  for  all  of  the  motors.  If  the  starting  current  of  one 
motor  exceeds  the  value  of  the  "Weatherproof  rating"  of  the  rub- 
ber-covered  wire  specified  in  the  table  lor  use  with  a  given  horse- 
power, the  size  io  the  table  must  be  increased  to  a  size  correspond  in!.' 
with  the  starting-current  value. 

Note  that  the  tables  are  compiled  on  the  assumption  that  the 
starting  current  will  be  about  twice  the  running  current.  Code 
rule  No.  23c  which  permits  the  carrying-capacity  value  normally 
allowable  for  wires  with  insulations  other  than  rubber  to  be  used 
for  rubber-insulated  alternating-current;  motor  leads,  determine; 
the  conductor  sizes  tabulated.  Voltage  drop  is  not  considered  in 
the  tables. 

260.  The  factors  to  be  considered  when  designing  a  motor- 
drive  for  a  machine  arc:  {Abstracted  from  article  by  A.  G.  Popcke. 
American  Machinist,  Oct.  3,  1912.)  The  space  available;  the 
surrounding  conditions;  the  nature  of  the  load;  the  speed  of  the 
shaft  where  power  is  to  be  applied;  the  speed  of  the  motor  used; 
the  method  of  connecting  the  motor  mechanically:  (a)  Direct 
connected;  (&)  belted;  (c)  geared1,  (d)  connected  by  chain  drive. 
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271.    Protection,  Switches  and  Wire  for  Induction  Motors- 
Three-phase,  Three-wire,  2,200  Volts,  60  Cycles 

(Underwriter' 5  Equitable  Rating  Bureau.  Portland,  Oregon.     Electrical 
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272.    Single-phase  Induction  Motor  Branch  Circuits, 
220  Volts— Fuse,  Switch  and  Wire  Sizes 

(All  frequencies,  standard  speeds.     See  Par.  168  for  Hmitati. 
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273.     Two-phase,  Four-wire    Induction  Motor  Branch   Circuits, 

tio  and  220  Volts— Fuse,  Switch  and  Wire  Sizes 

(Standard  speeds  and  frequencies.     Sec  Par.  168  for  limitations) 
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Par.  a68. 

374.  The  space  available  is  the  first  consideration  that  deter- 
mines the  location  of  a  motor.  In  many  oases  it  is  impossible 
conveniently  connect  a  motor  to  accommodate  the  requirements 
of  a  machine.  In  these  cases,  the  motor  must  be  connected  ti  " 
countershaft  in  a  way  similar  to  that  shown  in  l'lg.  135,  or  ■ 
motor  can  he  mounted  on  the  celling,  on  a  post  or  girder  near  1 
machine.     licit  or  chain  drive  mii-l  be  used  in  such  cases. 

A  convenient  location  is  sometimes  found  for  a  motor,  but  the 

STesenceof  water,  oil  and  grease  or  small  chips  renders  it  undesirable, 
ncloscd  motors  can  be  used  to  overcome  the  difficulty.  The  use 
of  a  semi-inclosed  motor  will  often  in  Hiiro  protection.  If  an  open 
motor  is  used  in  such  cases,  it  is  usually  placed  on  the  ceiling,  0 
pedestal  or  a  near-by  column  or  girder,  a  belt  or  chain  coi 
being  used.     (A.  G.  Popcke.  Aim-ricui  Mnihiiiift,  Oct.  3,  j  _ 

Mechanical  difficulties  in  finding  a  loon i. .«  f.-ir  a  motor  can  often 
he  overcome,  oil  and  water  avoided,  and  compact  units  obtained. 
by  the  addition  of  a  countershaft  at  the  base  of  a.  machme  lo  WtivOfc 
the  motor  is  geared.     Figs.  136  and  127  show  the  hack  n\cm«  ™& 
Jde  i-iesrs  of  such  an  installation.     Note  the  corwcxntoxAocaSM^ 
f  the  starting  switch. 
"~     nature  of  the  wort  of  metal -working  machvo.exy  ia  ms***5 


i 
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such  thai  Rears  can  be  used  wherever  [he  motor  can  be  placed  om 
machine.  Machines  such  us  punches,  shears  and  headers,  whcrt 
heavy  loads  of  short  duration  occur,  are  equipped  with  flywheel-,  i 
which  help  to  take  up  the  shock;  Forthisreason  motors  can  begearec  I 
to  this  type  of  machine.  When  applying  a  motor  to  a  header  or 
any  machine  where  a  large  flywheel  is  used,  and  the  machine  is 
not  adapted  to  gearing,  an  easy  way  to  applv  a  motor  is  Co  belt 
it  to  the  flywheel. 


175.    The  speeds  of  the  shaft  on  the  machine  to  which  power  is 

applied  is  the  principal  factor  wYticli  determines  tire  s^eed  of  the 

l  motor  to  be  connected.     These  speeds  vary  \\-\v\v\Ve.V-Jve<A'iKMi™£. 

■~0  forging  machines  usinS  large  flyw\ice\s  Aqm  «^ 

'  '   e  tools,  audi  a-  ,-v"   A"* 


s  \&V\\e°,,  drKW.,  1 


between  Joo  and  300  r.p.r 


Speeds,  ai"tai^.v 
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to   2,000  r.p.m.  occur  on  grinders  and  wood- working  machine: 
The  method  of  taking  care  of  these  will  be  explained  later. 

276.  Modern  practice  is  to  standardize  the  speeds  of  motor 
This  practice  has  been  promoted  by  the  extensive  use  of  alternatin 
current.  Since  60  cycles  is  used  in  the  majority  of  alternating 
current  systems,  the  standard  speeds  of  direct-current  motors  ai 
approximately  the  same  as  the  speeds  of  60-cycle,  alternating 
current  motors. 

The  speeds  obtainable  with  the  60-cycle  motors  mostly  used  ai 
1,700  to  1,800;  1, 100  to  1,200;  850  to  900;  650  to  720,  and  550  to  6c 
r.p.m.  The  higher  speed  given  in  each  case  is  the  synchro noi 
speed  at  which  the  motor  runs  when  not  loaded.  The  speed  d< 
creases  from  5  to  7  per  cent,  as  the  motor  is  loaded. 

On  25-cycle  circuits  the  speeds  of  motors  most  frequently  use 
are  700  to  750;  550  to  600,  and  350  to  375  r.p.m.  The  speeds  ( 
direct-current  motors  are  given  in  the  second  column  of  Table  28c 
A  reference  thereto  will  show  the  relation  to  the  speeds  of  the  altei 
nating-current  motors  just  given. 

277.  Mechanical  Connections. — Motors  can  be  either  direc 
connected,  belted,  geared  or  connected  to  machines  by  chain  driv< 
Direct  connection  with  a  flexible  or  rigid  coupling  can  be  use 
only  where  the  speed  of  the  shaft  to  which  power  is  applied  is  th 
same  as  the  motor  speed.  Belts,  gears  or  chains  must  be  use 
in  all  other  cases. 

278.  Belt  Drive  of  Motored  Machines. — This  is  the  mo; 
convenient  method  in  the  majority  of  cases  and  is  the  least  expei 
sive.  It  is,  therefore,  used  more  than  the  other  two  methods.  Tfc 
factors'  to  be  considered  when  applying  a  belt  drive  are:  Spee 
reduction;  pulley  sizes;  belt  speeds;  motor  speed;  distance  betwee 
pulley  centers;  arc  of  contact;  size  of  belt;  use  of  idle  pulleys;  moun 
ing  of  the  motor. 

279.  Considerations  in  Obtaining  Speed  Reduction  With  a  Be 
Drive. — The  speed  reduction  is  the  ratio  of  the  speed  of  the  mote 
to  the  speed  of  the  shaft  where  power  is  applied.  Obtaining  tt 
'required  speed  reduction  involves  the  size  of  the  motor  pulley 
machine  pulley  and  belt  speed.  The  sizes  of  the  pulleys  used  o 
motors  have  been  standardized  according  to  ratings,  i.e.,  hors< 
power  and  speed  of  motor.  These  are  given  in  Table  280,  colum 
•3.  This  fixes  standard  practice  for  belt  speeds  (see  Table  28c 
column  7). 

As  the  diameter  of  a  motor  pulley  is  reduced,  the  strains  on  th 
motor  bearings  and  shaft  are  increased.  A  minimum  pulley  i 
therefore,  specified  by  motor  manufacturers  for  each  motor  ratin 
(see  Table  280,  column  5).  The  maximum  diameter  of  the  pulle 
on  a  motor  is  required  only  where  speeds  higher  than  the  mote 
speed  are  required  (grinders  and  wood- working  machines).  Th 
maximum  diameter  is,  in  nearly  all  cases,  limited  by  the  belt  speet 
which  should  not  exceed  5,000  ft.  per  minute.  In  s>oms.  c»j5&v,^S 
small  motors  especially,  the  size  and  location  oi  \\ve.  mo\»x 

such  that  the  diameter  of  the  motor  limits  tYve  &\axaft\«,t  ofi 

argest  pulley. 


at 
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i.     Standard  Motor  Ratings  Showing  the  Standard  and 

Minimum  Pulleys  Used  in  Each  Case,  Also  Belt 

Speed  with  Standard  Pulley 
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Belt  speed  is  figured  as  follows : 

(3.14  X  diam.  of  motor  pulley) 

,   ,,  .        ,  V  (inches!  X  r.p.m.  of  motor  / 

peed  (feet  per  minute)    -    — — -*■ — 

The  success  of  a  belted  motor  application  depends  largely 
_he  arc  of  contact.     The  distance  between  centers  of  motor 

y  and  machine  pulley,  as  well  as  the  speed  reducl  ion,  determine 
r  contact  on  the  smallest  pulley,  usually  the  motor  pulley, 
in  be  furnished  with  iiiler-pulley  attachments,  Fig.  128, 
hese  are  applied  to  advantage  where  it  is  necessary  t< 
"    :c  of  contact. 


3.  When  necessary  to  obtain  extremely  low  speeds  back- 
3d  motors  should  be  used.  (Fig.  120.)  A  good  standard  for 
k-geared  motor  gii-cs  a  spi'ed  reduction  of  n  Id  I  between  arma- 
and  countershaft  speed.  Usually,  if  the  required  reduction  in 
I  exceeds  6  to  1,  a  back-beared  motor  should  be  used. 
impU.—lt  the  reduction  is  13  to  I  between  the  motor  speed  and  the 
ine  speed,  a  batk-k"car-  ■]  ni-itur  v.-i:h  ;-,  '>  l'.:  I  ^[.'-■■■l  r'"!i]i-1.inn  should  he 
iml  '-ii-  farther  re  taction  2  to  1  obtained  by  means  of  a  pulley  an  the 
cr&hait  of  the  back-geared  motor. 

is  poor  practice  in  the  majority  of  cases  to  use  back-geared 
rs  having  an  initial  speed  of  1,700-1,800  r.p.m.  In  applica- 
rcquiring  from  10  to  :o  h.p.,  i,joo-r.p.m.  back-geared  motors 
Id  be  used;  above  this  ooo-r.p.m.  or  710-r.p.m.  back-geared 
■rs  should  be  used. 

%.  The  pulleys  furnished  with  motors  make  provision  for 
iroper  width  of  the  belt.  Tabic  280  shows  whether  a  single 
iiitjlc  bell  should  be  used.  The  width  of  the  belt  should  be  one 
narrower  than  the  pulley  face  on  pulleys  up  to  12-in.  face; 
e  that  it  should  be  two  imhes  narrower  than  the  pulley  face. 
5-  The  cost  of  a  motor  of  given  horse-power  increases  as  the 
I  speed  decreases.  For  instance,  the  cost  of  a  10-h.p.  motor  at 
)  r.p.m.  is  approximately  the  same  as  a  5-h.p.  motor  a.t  600 
■-  The  cost  increases  in  the  same  pr(i\wrt*nm  -.is,  One  sojassxt 
>(tie  torque  figured  .it  i-ft.  radius.  This  qyiauXW-U  \=.  fe®»«& 
ans  of  the  following  formula: 
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Exam  pit. - 

I  mutely  IiSo 
The  square 


From  a  cost  point  of  view,  therefore,  as  high  a  speed  motor  u 
possible  should  be  used,  but  a  pulley  diameter  smaller  than  tit 
minimum  specified  should  not  be  used. 

286.  Belting  Motors.— There  are  two  general  cases  to  be  con- 
sidered when  belting  motors;  these  are:  (1)  Where  the  diniraiaiun- 
of  the  machine  pulley  is  fixed,  as  when  belting  to  a  flywheel.  Id 
this  case  the  motor  pulley  must  satisfy  the  requirements  of  the 
machine.  Care  must  be  taken  not  to  use  a  pulley  of  a  diameter 
smaller  than  the  minimum  specified.  The  arc  of  contact  of  the 
motor  pulley  must  also  be  carefully  considered,  for  the  speed 
reduction  is  usually  larjje. 

(2)  Where  themachinc  pulley  can  be  chosen  to  suit  the  standari 
motor  pulley.  Tables  289  and"  288  were  devised  to  aid  in  select- 
ing the  proper  speed  of  motor  and  size  of  pulleys.  Table  389  gives 
the  machine  speed  at  the  left  column  and  the  motor  speeds  jl  1I1; 
top  of  the  table.  The  figures  in  the  body  of  the  table  are  the 
speed  reductions  for  any  combination  of  machine  and  motor  speed 
indicated. 

287.  Determining  the  Arc  of  Belt  Contact — Before  deciding 
upon  any  belt  drive  the  arc  of  contact  of  the  belt  with  the  smaller 
pulley  should  be  carefully  checked.  In  machine-tool  work,  on 
applications  where  belts  are  used,  the  distance  between  centers  is 
usually  between  3  and  5  ft.  Motor  pulleys  range  in  diamelet 
from  3  to  13  in.  and  the  arc  of  contact  :s  usually  considered  when 
the  ratio  of  reduction  h  between  3  and  6. 

Table  288  gives  the  arc  of  contact  when  the  size  of  the  motor 
pulley,  ratio  of  reduction  and  the  distance  between  pulley  centers 
are  known. 

Bin mpU..— Refer  to  Table  j88.     The  motor  pulley  is  6  in.,  the  ratio  0! 

Join/ion.— The  table  shows  the  arc  of  contact  as  161  deg. 

Table  201  shows  the  effect  of  the  arc  of  contact  on  the  trans- 
mitting power  of  the  belt.  The  decrease  with  decreased  arc  of 
contact  is  expressed  by  a  percentage  which  the  power  transmitted 
at  a  given  arc  of  contact  is  of  the  power  transmitted  at  180  deg. 
Thus  if  the  arc  of  contact  is  140  den.,  °nly  78  per  cent,  of  the 

Kwer  figured  by  the  belt  formula  given  in  a  following  paragraph, 
sed  on  a  180-deg.  arc  of  contact,  can  be  transmitted. 
To  transmit  the  required  power  the  pul\ey  nwl\n&V  irulfli  must 
4i*  increased  or  an  idler  pulley  must  be  useA  \.u  increase  iim  at  A 


-8] 


GENERATORS  AND  MOTORS 


Example— Illustrating  the  appl 

e  used  for  the  belt  drive? 

Solution.  —  Rrfcr  to  Table  a8o.  This  shows  that  for  150  to  300  r.p.m.  a 
2.-.-T. p.m.  m., .or  should  he  used. 

Refer  !■•  I";,L-Li_  188.  A  7  j-h. p..  Gso-r  p.m.  motor  hat  an  8X  7-in.  standard 
ulley  and  a  6X7-in.  minimum  pulley. 

The  speed  reduction  with  this  motor  is 


Refer  to  Table  188..     The  arc  of  contact  for  a  ratio  of  reduction   el    3.5 

4  ifio  dec.  (average  ni  !■:.;  ar.d   1  "  ..  r.nri  with  a  6-in.  motor  pulley  is  16s  deg! 

■  ■!"  I' ■.'.-iii.[  !')«!.      E;;i;<:r   win  vi\-<:  su..v,,W;;vil  si-rvi™.      The  machine 

.ulley  would  he,  with  an  8-in.  motor  pulley,  3.5X8  =  28  in.  and  with  a  6-in. 

The  face  m  either  case  will  be  7  in.  and  a  single  6-in.  leather  belt  should 
■e  ti.wrf.     Th*  rombinavion  .,!   6  in.  m-.i.,r  [.;;i,v  rind  jri-in.  machine  pulley 
use  the  motor  pulley  is  standard. 


le  selected  at  will.     In  cases  where  a  motor  is  to  he  belted  _.  .. 
ly wheel  or  to  a  pulley  which  cannot  be  easily  changed,  the  pro- 
edure  is  as  explained  in  the  following. 
Example.— The  size  of  the  machine  pulley  (flywheel)  is  Ti  in.r  the  speed 


Table  380  shows 
notor.  It  is  1  in. 
hows    that    for   a 


lachine  pulley  7» 

jo  of  reduction  6  "  '"" 

a  I2-in.  pulley  can  be  used  with  B 
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290,     Obtaining  a  Successful  Belt  Drive. — A  successful  drive  can 
be  obtained  for  the  application  of  287  by  using  a  i2Xi°-in.  pulley 
on  the  motor  and  employing  an  idler  pulley.     It  is  not  customary 
for  motor  manufacturers  to  supply  idler  attachments  on  motors  so 
large.     In  such  cases  an  idler  pulley  attachment  is  more  successful 
if   mounted  on  a  foundation,   door  or  bracket  on   the   machine 

The  use  of  a  back-geared  motor  in  a  case  like  this  is  awkward 
because  the  pulley  on  the  motor  countershaft  must  be  of   large 
diameter.     If  a  back-geared  r,20o-r.p.m.  motor  were  used,  the  coun- 
tershaft speed  being  200  r.p.m.,  a  36-ln.  pulley  would  be  required  on 
the  motor  countershaft,  making  an  awkward  looking  drive,  as  this 
pulley  would  be  larger  than  the  motor. 

291.    Relation  of  Arc  of  Contact  to  Power  Transmitted 
by  Belting 

Arc  of  contact  in  Degrees                    Per  cent,  of  power  transmitted1 

1 

89 

Sj 

78 
67 

■  Baaed  on  power  transmitted  with  1B0  dug.  arc  of  contact. 

2gz.    Genera]  Rules  Covering  the  Installation  of  Belting.— If 
possible,  the  lower  side  of  the  belt  should  be  the  driving  side.     The 
distance  between  pulley  centers  should  be  great  enough  to  allow 
some  sag  in  the  upper  side  of  the  belt,  or  an  idler  pulley  should  be 
used  to  increase  the  arc  of  con l act.     The  ti'llowitiy  general  rules  are 
from  Kent's  Mechanical  Engineers'  Pocket-book. 

"r.     Narrow  belts  over  small  pulleys,  15  ft,  between  pulley  cen- 
ters, the  loose  side  of  the  belt  having  a  sag  of  1  j  to  2  in. 

2.  Medium-width  bells  on  larger  pulleys,  20  to  25  ft.  between 
pulley  centers,  with  a  sag  of  2  J  to  4  in. 

3.  Main  belts  on  very  large  pulleys,  25  to  30  ft.  between  centers, 
with  a  sag  of  4  to  5  in." 

If  the  distance  is  too  long  the  belt  will  ilip  inislvaJily,  resulting 
in  unnecessary  wear  of  both  the  belt  and  the  bearings;  if  too  short, 
the  severe  tension  required  to  prevent  slipping  will  cause  rapid  wear 
of  bearings  and  may  cause  them  to  overheat. 

The  foregoing  distances  represent  gi >od  sale  practice  for  long  life  of 
belt  and  bearings.     Shorter  distances  arc  frequently  used  but  neces- 
sitate tighter  belts,  or  the  use  of  wider  pulleys  and  belts,  or  larger 
pulleys  and  higher  belt  speeds.      Very  short  belts  can  be  made  to 
work  satisfactorily  by  the  aid  of  idler  pulleys,  which  increase  the  arc 
of  contact. 
It  is  not  desirable  that  I  fie  -loj.e  of  the  VU  iYiTi;cU<vn\)fcON«  «& 
drg.  from  horizontal;  the  belt  should  never  run  vertical, "A  X**- 
ible  to  avoid  it,  since  the  act  vantage  of  sap,  to  mr.ic.ase  Oftfc  *"■<&. 
ouct  is  then  lost.     The  pulley  should  be  a  littie  vA4«  *»»■  ** 
20 
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Belts  should  be  run  with  the  least  tension  required  to  prevent 
slipping  (ir  l]LL;i[imi_h.  The  slai  k  side  should  have  a  gently  undulating 
motion.  Lateral  movement  of  the  belt  on  the  pulley  indicates  poor 
pulley  alignment  or  unequal  stretching  of  the  edges  of  the  belt 
Belt  joints  should  be  as  smooth  as  possible,  and  a  lapped  joint 
should  always  trail,  never  lead  over  the  pulley.  Belts  should  be  kept 
clean  and  dry.  if  any  !>■■!(  drrssing  is  applied  let  it  be  very  sparingly. 

1Q3.  Minimum  Distance  between  Pulley  Centers. — A  rule 
that  has  given  satisfaction  in  practice  is  this.  The  distance  be- 
tween the  pulley  centers  should  not  be  less  than  3  times  the  sum 
of  the  diameters  of  the  pulleys.  A  better  drive  will  result  if  the 
distance  is  4  or  5  times  the  sum  of  the  diameters. 

294.  Horse-power  of  Belting.— The  ability  of  a  belt  to  transmit 
power  depends  upon  (1)  the  site  working  effective  tension  allowable 
for  the  belting,  (2}  the  arc  of  contact  of  the  belt  with  the  smaller 

Eulley.and  (3)  the  speed  of  the  belt.     The  rule  and  formulas  given 
crein  are  based  on  the  assumption  that  the  arc  of  contact  on  tie 
smaller  pulley  is  1S0  deg.  ( 
ie  of  the  ci 


applied. 

The  effective  tension  is  not  the  tension  in  either  the  loose  or  the 
tight  side  of  the  bell,  but  is  the  difference  between  the  tensions  in 
.  these  two  sides.  It  is  due  to  the  effective  tension  that  power  is 
transmitted  by  the  belt.  "Effective  tension"  is  sometimes  called 
"working  tension." 

It  is  evident  that  the  horse-power  rating  of  a  belt  is  a  rathet 
flexible  thing  and  depends  entirely  on  how  great  an  effective  tension 
is  considered  allowable.  With  a  heavy  tension  a  small  belt  will 
transmit  a  great  amount  of  power  for  a  short  period  but  will  soon 
stretch,  cease  to  transmit  its  load,  and  become  worthless.  The 
values  given  for  effective  I  ension  in  1  he  accompanying 'tables  have 
been  proven  by  experiment  to  be  ones  that  will  provide  belts  of 
reasonably  long  life  without  excessive  first  cost. 

205.  Safe  Working  Effective  Tension  Per  Inch  Width  for  End- 
less Leather  Belts  {Pitge  Helling  C,>m{;uiy). — These  values  apply 
only  to  belts  that  can  be  cemented  at  (he  joints  by  skilled  workmen 
and  thereby  be  made  endless.  For  rough  and  ready  work,  for  belts 
having  their  ends  held  together  with  ordinary  laces  or  fasteners, 
use  the  belting  tables  given  elsewhere. 


Kind  of  belt 

Appro*,  thickness  |  Working  tension 

|ingje 

ft  in. 

64  1b. 

Ht.ivy 

Heavy  rl™h> 
gtavj 

II; 

H'n1" 

oolb. 
06  lb. 

*°°  lb! 

296.     To  Find  the  Horse-power  a  Bett  ot  ^q-to  "QvmeostfKfl. 
will  Transmit— Afultij.lv  the  wile  elective  v^iWyv* ,  «*>sm"> ■<*-** 
bolt  per  inch  width  (take  this  Eiom  Tafcte  mA  ^V  ^  ™*^ 
*#  m  inches,  and  multiply  this  product  by  0«  *?«*  <A  « 
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in  feet  per  minute,  and  divide  the  result  by  33,000.  The  quotient 
will  be  the  number  of  horse-power  the  belt  is  capable  of  transmit- 
ting.    (See  the  table  of  approximate  values,  aijg.) 

""",  expressing  this  rule  as  a  formula  and  combining  all  of  t 

,  W  X  D  X  T  X  r.p.ra. 

h.p.    =   — £  — 

116,500 


width  of  belt,  from  2Q$,  D  is  the  diameter  of  either  pulley  in  inches, 
r.p.m.  =  the  revolutions  per  minute  of  the  same  pulley. 
Exam  pie.— What  hurae-power  will    the  lipbt  d     ' " 


297.  To  Find  the  Width  of  a  Belt  Required  to  Transmit  a  Given 
Horse-power.— Read  the  preceding  paragraph.  Multiply  the 
safe  effective  working  tension  (T;lMi'  2Q5 '  per  inch  width  by  the 
speed  of  the  belt  in  feet  per  minute,  and  divide  the  product  by 
33,000.  The  quotient  is  the  horse-power  a  belt  1  in.  wide  will 
transmit,  provided  it  is  in  contact  with  at  least  180  deg.  or  one- 
half  the  pulley  circumference. 

Having  found  the  amount  of  power  for  a  belt  1  in.  wide,  divide 
the  whole  number  of  horse-power  given  by  the  horse-power  trans- 
mitted by  a  belt  1  in.  wide  and  the  quotient  will  be  the  width  of 
the  belt  required. 

Or  expressing   this   as  a  formula  using   the  same 
in  «6: 

w  _      736,500  X  Tip- 
D  X  T  X   r.p.m. 

Mr.p.m.    a"""cctr<8-  rjt.      Oiamtter  of  driven  piifley 
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g  tension  of  single  thickness  belt 


Solxtian—  Safe  effac 


There/ore      — — "■—   = 


whereby  the  belt  widt. 


6 -ply  belts  transmit,  so  per  cci 
8-ply  belts  transmit  75  per  cei 
la-ply  belts  transmit  100  per  ci 
a-ply  belts  transmit  125  per  ci 


c  than  4-ply. 
ire  than  4-ply. 
ire  than  4-ply. 


198.    Horse-power     Transmitted    by     Canvas     Belt      (Pw 
Belling    Company). —  Horse-power    transmitted    by   4-ply   canvas    I 
bell  =  1  h.p.  for  each  inch  wide  for  each  800  ft.  of  belt  speed  per 

1,       _ 

4-ply  =  single  leather  or  .3  ply  rubber. 

6-ply  =  light  double  leal  her  or  4-  and  5-ply  rubber. 

8-ply  =  double  leather  or  6-  or  7-ply  rubber.  * 
10-ply  =  hEivv  double  leather  or  S  ply  rubber. 
agg.  Tables  of  Safe  Horse-power  of  Belting  (Page  Betting 
Company). — The  following  tables  will  be  found  useful  for  quickly 
and  safely  determining  the  amount  of  power  that  belting  will 
transmit.  IL  is  always  ivi*  to  leave  a  wide  margin  between  what 
a  belt  must  do  and  what  it  can  do  and  such  a  margin  is  provided 
by  the  values  in  the  table. 


«  for  sinSle  1 
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The  previous  rules  given  for  figuring  horse-power 
accurate  than  the  tables,  and  will  show  that  a  belt  ca: 
rnore  than  the  tables  specify.  The  tables  allow  a  margin  of  safety 
for  the  belts  being  laced  or  otherwise  fastened  but  not  "made 
endless,"  and  also  for  a  relatively  small  "arc  of  contact"  on 
pulleys. 

300.  To  find  the  speed  of  a  belt  in  feet  per  minute,  multiply 
the  circumference  of  either  pulley,  in  feet,  by  its  number  of  revo- 
lutions per  minute.  Ti>  obtain  the  circumference,  multiply  the 
<]iameter  by  3.14  or,  roughly,  by  3^. 

301.  Minimum  Diameter  of  Pulleys  for  Long  Life  of  Heavy 

Belts  {WeilinghttiM  Diary) 

For  double  J>clt5 12  in. 

■  For  double  belts  extra  flexible .   10  in. 

For  double  3-ply  belts 18  in. 

303.  The  ratio  of  diameter  of  two  pulleys,  one  a  driver  and 
the  other  driven,  should  not  be  greater  than  6  to  1  for  ordinary 
drives.  That  is,  the  diameter  of  the  larve  pulley  should  not  be 
more  than  6  times  greater  than  the  diameter  of  (he  small  one. 
A  preferable  ratio  is  4  or  5  to  1. 

303.  Maximum  Speeds  for  Belts.— Roughly,  belt  speeds 
should  not  exceed  t  mile  (5,280  ft.)  per  minute.  Tin's  speed  is 
given  when  the  diameter  of  either  pulley  in  inches  multiplied  by 
its  r.p.m.  equals  20.000  (D  Xr.p.m.  =  20,000). 

304.  Rule  for  Finding  Length  of  Belts.— When  it  is  not  feasible 
to  measure  with  the  tapcline  the  length  required,  the  following  rule, 
which  gives  a  very  accurate  result  wiii.n  the  pulleys  are  of  the  same 
diameter  and  an  approximately  accurate  result  when  the  pulleys 
arc  of  different  diameters,  can  be  used: 

Add  the  diameters  of  the  two  pulleys  (D  and  d.  Fig.  132)  to- 
Esther,  divide  the  result  by  2  and  multiply  the  quotient  by  3I; 
arid  the  product  to  twice  1  he  dist  am.e  H.)  between  the  centers  of  the 
shafts  and  the  result  is  the  length  required.  All  values  should  be 
expressed  either  in  feet  or  in  inches.  Expressed  1 
using  the  notation  of  Fig.  132,  the  rule  becomes'. 
Length  of  bdt  =  [(/?+<*) i.57Vt-aL 
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Example— What  is  the  length  of  the  belt  required 


e  pulley  is  considerably  larger  than  the  other  a  little  el 
allowance  should  be  mule,  because  the  distance  between  the  poi 
of  tangency  of  the  belt  on  the  two  pulleys  is  somewhat  greater  tl 

[he  exact  distance  bet  aa-en  [he  tenters  of  the  shafts. 


sfcsrt) 


Fie.  I3»  — Notation  for  belt  Fig.  133.— Example  in  findi 

length  formula.  belt  length. 

305.  Rule  for  Measuring  Belts  in  the  Roll. — Add 
anieter  of  the  roll  in  inches  the  diameter  of  the  hole  in  the 
of  the  roll.     J I  ulli|>ly  [his  =i;m  by  the  number  of  ci  " 
and  multiply  this  product  by  1.32.    The  three  figui 
indicate  the  number  of  feet  in  the  roll. 

Example— Roll  of  5  in.  single  leather  belt  measures  37! 

.meter;  hole  is  j  i  iii.  iii  .Si:L!ii^,:r;  mi:::i:i  .,(  ct,Ll3  in  roll  is  84-     Ho 
is  the  belt? 

Solution.— Using  the  above  rule: 

aT|  +  4l  =  4=iXS.i=J-5l!'Xi.JJ=4,fi*4.68. 
Taking  the  first  three  figures  On  the  left:      Tin:  roll  contains  46! 
actual  measurement  ,;,,.  „,i|   u  /,,„,„■[  i,-,  rontain  469  ft. — -[Pa, 
Company.) 

306.  Ox-leather  belts  give  the  best  results  under  ordina 
ditions.     No  other  bells  will  stand  the  shifter  or  shipper; 
belts  are  weakened  when  wet;  rubber  belts  are  rotted  when 
but  leather  will  stand  wet  arid  dryness,  cold  and  heat,  and  la 
long  time  even  when  oil  saturated.— {Scientific  American.) 

307.  Splicing  Belts  [Page  Tirlli>i£  Company).— Where  pes 
the  ends  of  the  belt  should  be  fastened  together  by  splicir" 
cementing.  If  belts  are  to  be  laced  or  fastened  otherwise  tha 
cement,  cut  off  the  ends  perfectly  true  using  a  try-square.  . 
the  holes  exactly  oj unfile  one  another  in  (he  two  ends  as  ii 
134.  The  grain  side  of  the  belt  should  be  run  next  to  " 
and  [he  belt  should  be  run  off  of,  not  against,  the  laps.  _  _ 
edly,  exclusive  of  cementing,  lacing  is  the  best  method  for  faste 
belt  ends  together,  as  the  lacing  is  as  rouble  as  the  belt  and 
noiselessly  over  the  pulleys.  The  best  lacing  is  the  cheai 
Cheap  lacing  is  very  expensive  in  [he  long  run. 

Use  a  small  lace  so  that  the  holes  will  be  small.     For  belt*  1 

"1.  to  12  in.  use  \-\n.  lacing.      I'or  wider  belts  use  wider  lmril 

.      portion.     Avoid  thick,  lacing.    \Aght,  iUuw^Vidtv^k  the  tx 

In  punching  a  belt  for  lauui;  "u.  \~.  <W.s\raUe  v-»  w-*  u\  >,\-,\\  ■.,. 

le  longer  diameter  of  the  punch.  Vywvs  paxeBsX  wiSSv  tiw1^ 


«L2] 
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e  belt,  so  that  a  minimum  amount  of  leather  across  the  belt 
ill  be  cut  out.  There  should  be  in  each  end  of  the  belt  two  rows 
holes,  placed  zigzag.  Make  the  holes  the  smallest  possible 
at  will  admit  the  lace.  In  a  a-ln,  belt  there  should  be  3  holes  in 
.ch  end;  in  a  2  j-in.  belt,  4  holes;  in  a  3-in.  belt,  5  holes;  in  a  4-in. 


Pig.  134.— Method  of  lacing  belts. 
It,  7  holes;  in  a  5-in.  belt,  9  holes;  in  a  6-in.  belt,  11  holes;  in  an 
n.  belt,  15  hole*;  in  a  10-in.  belt,  19  holes;  in  a   12-in.  belt,  33 
les. 

The  center  of  no  hole  should  come  nearer  to  the  side  oi  tatNififc. 
U  (of  an  inch  nor  nearer  the  end  than  $  of  an.  inch.,    Tn*wtt«A 
v  should  be  at  least  ti  in.  from  the  end.     On.  mis  \>e\t%  tiofta 
antes  should  be  even  a  little  greater 
%m  to  lace  in  the  center  of  the  belt    and  take,  mucb.  WI* 


BOO! 
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keep  the  ends  exactly  in  line,  and 
tightness.    The  lacing  positively  muse  ; 
of  the  belt  that  rims  next  to  the  pulley. 

308.  In  putting  on  new  belts,  a  common  rule  is  to  draw  ton 
up  and  stretch  them  J  in.  fur  every  foot  in  length  of  belt. 

The  strongest  part  of  belt  leather  i?  near  (he  flesh  side,  abot 
one-third  the  way  through  from  that  side.  It  is,  therefore,  d«ii 
able  to  run  the  grain  (hair)  side  on  the  pulley,  in  order  that  tt 
-Ironies!  part  of  the  1  n  ■  1 1  may  lie  subject  to  the  least  wear.  Tl 
flesh  side  is  not  as  liable  to  crack  as  is  the  grain  side  when  the  he' 
is  old;  hence  it  is  better  to  crimp  the  grain  than  to  stretch  i 
Leather  belts  run  with  the  grain  side  to  the  pulley  will  drive  30  pf 
cent,  more  than  if  run  with  the  flesh  side.  The  belt,  as  well  s 
the  pulley,  adheres  best  when  smooth,  and  the  grain  side  adhen 
best  because  it  is  smoother. 

309.  A  belt  adheres  much  better,  and  is  less  liable  to  sli] 
when  run  at  a  high  speed  than  at  a  low  speed.  Therefore,  it 
better  to  gear  a  mill  with  small  pulleys,  and  run  them  at  hig 
velocity,  than  with  large  pulleys,  and  run  slower.  A  mill  tin 
geared  costs  less  and  has  a  much  neater  appearance  than 
large,  heavy  pulleys. 

310.  Belt  Troubles. — The  belt  on  an)-  belt-connected  mai 
should  be  tight  enough  to  run  without  slipping,  but  the  te 
should  not  be  too  great  or  the  bearings  will  heat.  The  crow 
driving  and  driven  pulleys  should  be  alike  us  "wobbling"  of 
is  sometimes  caused  by  pulleys  having  unlike  crowns.  If  tl 
caused  by  bad  joint',  they  shivild  be  broken  and  cemented 
again.  A  wave  motion  or  flapping  is  usually  caused  by  slip 
between  the  belt  and  pulley,  resulting  from  grease  spots,  etc 

jnay,  however,  be  a  warning  of  ;m  excessive  overload. 

This  fault  may  sometimes  be  corrected  by  increasing  the  tel 
hut  a  betler  remedy  is  to  clean  [he  belt.  A  back  and  forth  a 
ment  on  the  pulley  is  caused  by  unequal  stretching  of  the  < 
of  the  belt.  If  this  does  not  cure  itself  shortly,  examine  the  y. 
If  they  are  evenly  made  and  remain  so,  the  belt  is  btid  and  si 
be  discarded. 

311.  Gear  Drive. — Gearing  is  the  most  positive  form  of  po*i 
transmission  and  is  usually  employed  when  the  motor  can 
mounted  directly  on  a  machine.  The  points  to  be  considered  in> 
gear  drive  are  the  following:  (1)  Sori.il  reduction;  (1)  pitch  of  i" 
gears;  (3}  number  of  teeth  on  the  gears  (pinion  and  gear! ;  (4)  ' 
of  the  gear;  (5)  pitch  line  speed:  (6j  distance  between  ■ 
use  01  idler  gears;  and  i .si  mounting  of  the  motor. 

The  speed  reduction  is  the  same  as  for  the  belt  drive. 

motor  rating  has  a  minimum  pinion  to  limit  stresses  to  safe  .. 

The  pitch,  number  of  teeth  and  face  for  motor  pinions  have 

standardized  for  back-gear  motors  and  the  best   practice 

gearing  a  motor  directly  to  madv.vivs  is  \n  use  these  motor  p. 

//  /KVxiblc.      Table  326  gives  the  6Uind'.m\  vnaTi.T  ivvyyu;^  ra..i 

valuable  gearing   information.      \fhe  ViuOTma.vW  cki  is 

I'ven  herein  is  largely  Irom  an  aiudc  m  live  America* 

«.  3,   rpia,  by  A.  G.  Popcke.) 
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312.  The  method  of  gearing  depends  largely  upon  the  distanc 
between  centers  and  the  space  available  for  the  motors.  In  a 
cases  the  pinion  must  not  be  selected  smaller  than  the  minimui 
specified  in  326.  The  pitch-line  speed  must  not  exceed  the  limii 
given.  There  are  two  general  cases  covering  the  mounting  of 
motor  to  drive  a  machine  through  gears;  these  are: 

(1)  Where  the  dimension  of  the  motor  or  machine  limits  th 
distance  between  centers  of  the  motor  shaft  and  the  driven  shaf 

(2)  Where  this  limitation,  (1),  does  not  exist. 


Motor 


k-  A  -* 


Pinion—"^ 


Gear '--*-'—'. 


Machine 


ftnion-' 

Pig.  135. — Motor  mountings  for  gear  drive  (distances  between  gear  cente 

limited). 

The  first  case  occurs  when  a  motor  is  mounted  on  top,  side  c 
bottom  of  a  machine,  as  shown  in  Fig.  13  5.  The  dimension  causir 
limitations  is  indicated  by  A  in  these  illustrations.  The  prop< 
distance  can  be  obtained  by  using  large  enough  gears;  the  limit 
pitch-line  speed.  An  intermediate  idler  gear  frequently  ove 
comes  the  difficulties  here  experienced. 

In  the  second  case  the  relation  of  the  motor  and  machine 
shown  in  Fig.  136.  In  this  case  the 
motor  can  be  mounted  on  a  base 
and  the  motor  pinion  can  mesh  with 
the  gear  on  the  machine  in  any 
convenient  position. 

If  reductions  greater  than  7  to  1 
are  required,  it  is  usually  necessary 
to  obtain  the  reduction  by  the  use 
of  two  sets  of  gears.     The  back- 


Oear.^, 


VM///////}//. 


■Machir 
\ — Pinion 


Pig.  136. — Motor  mounting  f< 


geared    motors    discussed    under    ^  drive  (no  limitation  to  cent- 
"Belt    Drive"    can    be   used    to 

furnish  one  set  of  gears  in  these  cases.      Thus  if  a  reductio 
of  10  to  1  is  desired,  a  back-geared  motor  with  a  standard  6  to 
reduction,   with  a  further  reduction   from  the  countershaft  ( 


10 


the  motor  to  the  machine  of  —  to  1  or  1.66  to  1  will  fulfill  th 

o 

requirements. 

Example. — The  speed  of  the  driven  shaft  of  the  machine  is  ■aT.OT.v-1^-' 
h.p.  is  10;  the  motor  is  mounted  on  the  machine  and  the  YvmiWvYfc.  ttYstawas 
tween  centers,  is  u  in.     What  are  the  sizes  of  gear  and  pitviotv  to  Y>e 
The  machine  is  a punch  and  shear. 
&*uiso».—In  this  case  a  pitch-line  speed  of  approximate^  ^o** 
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■ill  be  employed.     Table  ji6  shows  that  a  10-h.p.  at  85 


[Sect. 


Tha  number  of  teeth  in  the  pinion  is, 

b  110  _  _  . 

Ratio  of  reduction  plus  I    ""      5    ~ 

The  number  cf  teeth  in  the  Eear  is  4X24-98. 

Table  316  shows  tha'.  the  pitch-line  speed  for  this  mntoi       .... 
890  ft.  per  minute.     The  pitch-iinc  speed  ivith  24  teeth  ia 
~X8oo  •=   1,068  ft,  per  min. 

If  quiet  operation  is  desired  a  l-1  ...lb  <.r  rev.  Irec  [■iiii  r.  Miculd  he  used  with  1 
a  Ji-in.  face.      Thus  the  gears  ate  specified  as  folle.ws; 

Motor  pinion-  rawhide -P  -  S,  face  J>  in..  ;..  teeth.  Machine  gear-  I 
steel  P  -   5.  face  3  in.,  06  teeth. 

The  hore  for  each  is  determined  by  the  diameter  of  the  shaft  to  which  it 
is  i-.inrtei.ted.  The  i-\;:\:,::  Is  wider  Hum  the  scan,  so  that  the  rawhide  <xi.< 
encases  with  the  j;,ilr.  It  !t  were  the  same  width,  the  brass  end-plates  III 
the  rawhide  pinion  woutd  engage  with  the  gear,  causing  noise. 

313.  In  the  selection  or  specification  of  pinions  for  motor* 
(C.  W.  Drill;/-,  Electric  Journal)  for  geared  applicalions,  three  di- 
mensions must  be  determined,  namely,  the  face,  diameter  uni) 
pitch.  These  dimensions  vary  symmetrically  according  to  the 
strength  required,  or,  in  other  words,  according  to  the  torque 
exerted  in  transmitting  power.  As  the  horse-power  and  speed  of 
the  motor  in  any  case  determine  the  torque,  it  is  evident  these 
are  the  factors  determining  ilie  proper  dimensions  of  a  pinion  for 
the  motor.  A  line  of  pinions  with  dimensions  increasing  sym- 
metrically with  the  torque  will  therefore  answer  the  purpose  (of 
all  combinations  of  horse-power  and  speed.  Every  geared  Ap- 
plication requires  special  consideration,  since  the  nature  of  the 
service,  the  shaft  diameter,  etc.,  may  affect  the  dimensions  of  the 
pinion. 

In  gear  drive  die  pinion  is  subject  !■>  most  rapid  wear  owing  lo 
its  smaller  diamcler.  It  is  as  important  to  have  a  pinion  of  good 
wearing  qualities  as  it  is  to  have  one  of  sufficient  strength  and  for 
a  pinion  of  a  given  material,  the  abi'ily  10  ivil  list  and  wear  dept  '" 
mainly,  if  not  wholly,  on  the  width  of  the  face.  With  a. 
pinion  and  a  cast-iron  gear  the  former  is  usually  the  limiting  fl 
of  life  and  the  laller  ilie  limiting  factor  of  strength. 

314.  Cast-steel  gears  arc  about  twice  as  strong  as  cast-iron, 
and  should  be  used  when  the  lace  ol  a.  cOTTespaaiS.-o%  cast-iton 

gear  would  be  4.5  in.  or  more,  aAlAwut^  the  cifiv.  is  nJKnwsmnawasj 

double  that  of  cast-iron      With  continuous  cotAwX.  s.\\  aW^  Sfc 

length  of  the  teeth,  the  strength  o\  the  rax  fc  •VV^g^f^ 

Dortional  to  the  face  and  theVjWt  <*  **■  f^  ******* 

h  seldom  make  such  contact  unt\\  wwitt  ttovra 


set.  2]  GENERATORS  AND  MOTORS  315 

w  pears  the  whole  pressure  is  brought  to  bear  on  the  high  spots, 
Lind  stripping  may  occur  before  they  are  worn  down;  hence  the 
leccssity  of  using  the  stronger  material. 

315.  Bronze  and  Rawhide  Pinions. — For  equal  strength  the 
working  face  of  rawhide  pinions  must  be  about  25  per  cent,  wider 
lxan  corresponding  steel  pinions.  For  quiet  operation,  only  the 
■a.whide  should  be  in  contact  with  the  gear,  although  for  high 
torque  motors  and  for  other  severe  service  the  gears  may  be  widened 
to  cover  the  entire  pinion,  thus  making  use  of  Ihc  metal  flanges. 
Where    steel    pinions    would    make    objectionable    noise,    rawhide 

»inions  should  be  used  if  the  stresses  permit,  since  the  pitch-line 
peed  with  a  rawhide  pinion  is  limited  more  by  the  rapid  wear  of 
Jbe  pinion  than  by  noise.  A  pitch-line  speed  of  1,000  ft.  per  mm. 
s  considered  a  fair  average  limit  for  rawhide,  but  1,500  to  3,000 
Ct.  per  mill,  may  be  used  under  especially  favorable  conditions 
regarding  attendance,  lubrication,  absence  of  moisture  or  high 
temperature,  for  intermittent  service,  or  where  the  life  of  the  pinion 
is  nol  Important, 

The  wear  an-i  noise  of  bronze,  pinions  are  intermediate  between 
those  of  rawhide  and  steel.  Bronze  pinions  are  particularly 
adapted  to  condi I  ions  win- re  heal  and  ru.  'isLurv  prohibit  the  use  of 
rawhide.     Their  cost  is  about  the  same  as  rawhide. 

316.  Noise  of  Gears  and  Pitch-line  Speed  Limits.— Spur  gears 
ordinarily  begin  to  malic  a  noticeable  noise  at  pilch-line  speeds  of 
about  600  ft.  per  min.,  but  under  average  conditions  may  not 
become  disagreeably  noisy  with  pitch-line  speeds  under  1,500  ft. 
per  min.  The  amount  of  noise  allowable  depends  on  the  noise 
made  by  surrounding  machinery,  on  the  <  bar.ider  of  the  workmen, 
and  on  the  nature  of  the  work  in  the  vicinity.  A  noise  that  would 
be  un noticeable  in  a  boiler  shop  micoil  be  I'v.vcdingly  disagreeable 
in  a  shop  that  was  otherwise  comparatively  quiet.  Where  noise- 
is  not  a  limiting  feature  there  is  no  limit  to  allowable  pitch-line 
Speeds,  except  the  increased  wear  and  depreciation  of  the  motor, 

Crs  and  driven  machine;  but  depredation  may  become  a  very 
.lortant  factor  with  high  pitch-line  speeds,  say  2,500  ft.  per 
minute,  or  sometimes  even  less.  Tests  recently  made  to  deter- 
mine a  design  for  gears  that  will  give  the  ieasl  noise  and  yet  have 
sufficient  strength  and  wearing  qualities,  indicate  the  following 
facts,  other  conditions  being  the  same: 

I.  Gears  having  large  teeth  give  forth  a  relatively  greater  vol- 
ume of  noise  at  a  low  pitch  that  does  not  carry  far,  while  gears 
having  smaller  teeth  give  forth  a  smaller  volume  of  noise  at  a 
higher  pitch  that  carries  farther. 

5.  Most  of  the  noise  comes  from  the  gear,  and  not  from  the 

3.  A  gear  designed  so  that  it  will  give  a  dead  sound  when  struck 
a  blow  with  a  hammer  will  lie  [he  least  noisy  in  operation. 
jms     Conditions  for  Noiseless  Operation  of  Geais. — 'B.Sgft.  raA 
massive  supports  and  dime    fitting    bearm&S   for  brAV.  'Cat  yeikmsi 
wd  the  driven  machine  are   comhinve   t'>  a   nii\st\cs»  «£«  &T\st 
nd  the  pinion  should  always  be  placed  close  to  the  mtAoiVjew™* 
gear  application  with  motor  mounted  upon  the  cea\vrv&  wa^s. 
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twice  as  noisy  as  the  same  application  with  motor  mounted  m  i 
concrete  foundation. 

318.  Pinions  for  High  Torque  Motors. — For  series  motors  and 
those  heavily  compounded,  as  bending  roll  motors,  or  for  motor! 
subject  to  very  seven-  service  of  any  kind,  select  a  pinion  suiulJt 
for  a,  constant-speed  motor  of  the  same  rated  r.p.m.,  but  of  about 
50  per  cent,  higher  horse-power. 

31Q.  Selection  of  Ratio  for  Back -geared  Motors. — A  ratio  0! 
about  6  to  1  is  usually  standard  for  back-scared  motors,  and  should 
be  selected  wherever  possible,  but  smaller  r:il  ins  down  to  3  to  t  or 
maximum  ratios  up_  to  7  to  1  may  be  obtained  in  certain  capacities 
of  motors  lor  service  where  the  conditions  of  the  application  ■>■■ 
rant  the  use  of  such  ratios.  (See  preceding  paragraphs  on  this 
subject.) 

320.  Outboard  Bearings  for  Geared  Motors. — Outboard  bear- 
ings should  be  used  for  geared  motors  of  about  40  h.p.  and 
heavy  geared  service  requiring  continuous  operation  with 
reversing  and  overloads;  also  for  all  motors  of  about  100 
above  in  any  geared  service.  The  proper  use  of  outboard 
cannot  be  emphasized  too  strongly,  since  on  account  of  i: 
expense  there  is  a  tendency  to  omit  them  even  where  good 
engineering  demands  their  use. 

321,  How  to  Use  the  Chart  for  Determining  Gear  Dimensions 
(C.  W.  Drake,  lili-euk-  Jo:iru,t!\. — The  dimensions  for  pinions  [or 
average  conditions  of  motor-drive  service  arc  given  in  Fig.  137- 
This  chart  is  useful  in  making  preliminary  estimates  or  selection: 
of  pinions  for  geared  motors.  The  chart  applies  without  corretlkit 
to  sled  pinions  only.  The  diameters  are  considered  about  standard 
for  the  various  ratings,  although  both  smaller  and  larger  pinions 
can  generally  be  usee!,  the  limiting  sine  for  small  pinions  being  the 
strength  and  number  of  teeth,  and,  for  large  pinions,  the  pitch- 
line  speed. 

for  tianpti,  to  determine  the  steel  pinion  for  a  s-h.p.  motor  at  i.iod  r.p.m..  I 
find  the  intersection  of  tin;  ..Lli.]'.:.    .ii:,     m;.rki-l  s  h.p.   with  the  homonul 
line  through  1.200  r.p.m.     On  the   ■. .  r;i..L.i   Lint  through  this  intcractim   I 
may  be  liiunii  Ji.'i  i*.  !..ri]iir,  j.j  in.  ,'■;'.'] j..j[  .',.'.v.  j.2  s'ji.  pitch  diamcttr.  audi    I 

large  pinions,  where  hall    im.rlir'i  arc I  ■ 1 1  ■•'■  I .   mi   that  a  pitch  (if  S    I 

the  product  of  the  pitch  diameter  and  the  diametral  pitch,  the  assumtd 
pitch  diameter.  3.J  in.,  is  satisfactory  with  the  5  pitch,  because  it  give*  1 
whole  number  of  teeth;  that  is,  tS. 

32a.     Gearing  Definitions  and  Formulas.— A  circle  whose  cir-  ' 
cumfcrcncc  pa>ses  ihinn^h  I  lie  point  <>(  contact  on  each  tooth  of  a 
gear  or  pinion  when  this  (mint  is  on  I  be  line  connecting  the  centers 
of  the  two  wheels  is  called  the  pitch  circle.     The  diameter  of  this 
circle  is  the  pitch  Ji.ii/ittcr  ami  its  cireumierciii.e  is  Lite  pilch  line. 
Diameter,  alien  applied  to  ".cars,  \s  ilvii^  w&dcntaoA  tn  mean 
the  pitch  rfiameter. 
Diametral  pilch  is  the  number  ot  teeth  to  eivcYv  me_V  (A  &k  v«* 
■'i&meter.      To  illustrate:     If  n  pinion  aas  1%  t»«a  ™**^ 
imcler  is  ,{  in.,  t  here  are  6  teeth  to  v-icn  »>*  «*  ««  V«-<^6 
Uie  diametral  pitch  is  6. 
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Cimit.ir  pilch  is  the  distance  from  the  center  of  one  tooth  to  the 
inter  of  the  nest,  measured  along  the  pitch  line. 
In  the  following  formulas,  for  use  in  gear  problems: 

1  =  Pitch  diameter  of  pinion  D'  =  Pitch  diameter  of  gear 

=  Outside  diameter  of  pinion  D    =  Outside  diameter  of  gear 

=  Circular  pitch  »     =-  Number  of  teeth  on  pinion 

1  =  Diametral  pitch  N    =Number  of  teeth  on  goat 
=  Distance  between  ci 
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323.  Chain  Drive. — To  determine  a  chain  drive  the  following 
information  is  necessary:  (1)  The  speed  of  the  driven  shaft  on 
the  machine;  (2)  the  speed  of  the  motor;  (3)  the  size  of  sprockets- 
pitch  and  number  of  teeth;  (4}  width  of  the  chain;  (5)  the  chain 
speed,  and  (6)  the  horse-power  transmitted. 

The  design  of  chains  is  more  complicated  than  that  of  belts  and 
gears  and  it  is,  therefore,  best  to  let  the  various  chain  manufacturers 
specify  the  chain,  giving  them  the  above  information.  The  mini- 
mum sprocket  to  be  used  on  a  motor  is  the  same  as  the  minimum 
pinion  given  in  Table  326.  Chain  speeds  should  not  exceed  1,200 
to  i,6oo.  ft.  per  nun.  The  best  practice  does  not  exceed  1,000 
ft.  per  min. 

324.  Gear  and  Belt  Drives  for  Adjustable-speed  Motors.— 
The  hereinbefore  mcnti"ii.-d  tallies  drnlt.  with  constant-speed  motors. 
Adjustable -speed  motor  problems  are  sol\  cd  similarly.  The  belt 
speeds  and  pitch-line  speeds  must  be  carefully  considered  at  the 
maximum  speeds  of  the  motors.  The  minimum  pulleys  and 
pinions  are  determined  by  the  minimum  speeds  of  the  motors. 
Table  327  gives  the  ratings  commonly  \15ed  imd  pulley  and  gear 

information. 
'*5.     Vertical  motors  can  be  applied  to  aivanxa^fc  wv  y>me  o« 
■  driven   shafts   are  vertical.     Theu  taUMs?>  ™4  !*««*.<* 
'is  are  the  same  as  those  oi  bcmzonVA  mav«s- 
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Adjustable -speed  Motor  Ratings  and  Pulley  and  Gen 

Data  For  Use  When  Connecting  Adjustable -speed 

Motors  to  Drive  Machinery 

(A.  G.  Popclte,  America*  Machinist,  Oct.  j.  1511.) 
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POLE  LINES 

x.  The  reports  of  the  committee  on  overhead  line  construe 
of  the  National  Electric  Light  Association  contain  what 
probably  the  best  and  most  complete  specifications  for  pole- 
construction  for  lighting  and  power  distribution  that  have  < 
been  compiled.  Much  of  the  matter  in  this  section  regarding  ; 
lines  has  been  abstracted  from  those  reports. 

2.  Northwestern  Cedarmen's  Specifications  for  Poles. — "S 
5  in.,  25  ft.  and  upward. 

"Above  poles  must  be  cut  from  live  growing  timber,  peeled 
reasonably  well  proportioned  for  their  length.    Tops  must 
reasonably  sound  and  when  seasoned  must  measure  as  follows 

"5-in.  poles,  15  in.  circumference  at  top  end. 
"6-in.  poles,  i8£  in.  circumference  at  top  end. 
7-in.  poles,  22  in.  circumference  at  top  end. 

rIf  poles  are  green,  fresh  cut  or  water  soaked,  then  5-in.  p 
must  be  5  in.  plump  in  diameter  at  the  top  end,  6-in.  poles  mus 
19I  in.  in  circumference,  and  7-in.  poles  22!  in.  in  circumfen 
at  top  end. 

"One  way  sweep  allowable  not  exceeding  1  in.  for  every  5  ft.; 
example,  in  a  25-ft.  pole,  sweep  not  to  exceed  5  in.  and  in  a  4c 
pole  8  in.;  in  longer  lengths  1  in.  additional  sweep  permissible 
each  additional  5  ft.  in  length.  Measurement  for  sweep  shal 
taken  as  follows:  That  part  of  the  pole  when  in  the  ground  (6 
not  being  taken  into  account  when  arriving  at  sweep,  tig] 
stretch  a  tape  line  on  the  side  of  the  pole  where  the  sweep  is 
greatest,  from  a  point  6  ft.  from  butt  to  the  upper  surface  at 
and  having  so  done  measure  widest  point  from  tape  to  surfac 
pole,  and  if,  for  illustration,  upon  a  25-ft.  pole  said  widest  p< 
does  not  exceed  5  in.  said  pole  comes  within  the  meaning  of  t] 
specifications. 

"Butt  rot  in  the  center  including  small  ring  rot  outside  of 
center,  total  rot  must  not  exceed  10  per  cent,  of  the  area  of 
butt. 

"Butt  rot  of  a  character  which  plainly  seriously  impairs 
strength  of  the  pole  above  ground  is  a  defect. 

"Wind  twist  is  not  a  defect  unless  very  unsightly  and  exaggera 

"Rough  large  knots,  if  sound  and  trimmed  smooth,  are  nc 
defect." 

Note. — Large  purchasers  ordinarily  adopt  somewhat  more  r 
specifications  than  the  above. 

3.  The  Best  Wood  for  Poles.     (The  Standard  Handbook 
Cedar  is  believed  on  the  whole  to  be  the  best  wood  for  poles, 
on  the  Atlantic  coast  the  supply  of  this  timber  is  neatly  exhans 
Chestnut  stands  next,  but  this  tree  is  more  slendex  axA  \iei 
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likely  to  be  weaker  for  the  same  diameter  of  top.  In  the  South, 
yellow  pine  would  appear  to  be  the  natural  pole,  but  notwith- 
standing the  pitchy  quality  of  this  wood  it  rots  with  alarming 
rapidity  after  being  cut  and  set  in  the  ground,  so  that  juniper  or 
cypress  is  chiefly  used.  In  the  middle  West  so-called  Norway 
pine,  usually  cut  in  the  forests  of  Oregon  or  in  the  Canadas,  can  be 
secured.    On  the  Pacific  Coast  red  wood  is  used  to  a  large  extent 

4.    Weights  of  Wood  Poles 


Length 
of  pole 

Cedar — weight  in  lb. 

Chestnut — weight  in  lb. 

5-in. 
top 

6- in. 
top 

7- in. 
top 

8-in. 
top 

6-in. 
top 

7-in. 
top 

8-in. 
top 

20 

125 
200 
290 

400 

180 
260 
360 

480 
640 
830 

1.050 
1. 310 

240 
340 
450 

600 

780 

1,020 

1.300 
1,640 
2,080 

• 

25 
30 

35 

40 

45 

50 
55 
60 

430 
580 

760 

980 

1.270 

1,600 
2,000 

500 
660 

600 
800 

1.030 
1,310 
1,660 

2,080 
2,600 

720 
940 

1,200 
1,520 
1.940 

2,480 

1 

The  above  figures  are  the  average  of  shipping  weights  used  by  a 
large  number  of  dealers  in  poles.  Although  poles  are  usually 
designated  by  the  diameter  of  the  top,  as  "s-in,"  "6-in,"  etc.,  this 
may  be  misleading,  because  an  acceptable  pole  may  not  be  exactly 
circular.  The  circumference  of  the  top  should  be  measured  with 
a  tape  line  and  for  seasoned  poles  should  be  approximately  as  fol- 
lows: 5-in.  poles,  15  in.  circumference  at  top;  6-in.  poles,  i8i  in.  cir- 
cumference at  top;  7-in.  poles,  22  in.  circumference  at  top. 

5.  Dimensions  of  Poles  for  Lighting  and  Power  Lines. — The 
table  gives  average  dimensions  for  poles  for  light  transmission  lines 
or  for  ordinary  distribution  lines.  Heavier  poles  are  used  for 
heavy  lines  and  lighter  ones  for  lighter  lines. 


Length, 
feet 


Cedar 


Cir.  at 

top, 

inches 


25 
30 
35 
40 

45 

50 

55 

60 


6S 
70 

IS 


25 
25 
25 
25 

25 
25 
25 
25 

25 


I  Cir.  6  ft. 
from 
butt, 
inches 

36 
40 
43 

47 

50 

54 
56 

63 
66 


Juniper 


Cir.  at 

top, 
inches 


Cir.  6  ft. 

from 

butt, 

inches 


White  chestnut 


Cir.  at 

top. 
inches 


Cir.  6  ft 

from 

butt, 

inches 


22 
22 
22 

22 
22 
22 
11 


36 
40 
43 

47 
SO 
53 
56 


11       \ 

V* 

ai      \ 

tii 

aa      \ 

V            ** 

•X'X 

\      t*> 
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6.  Preserving  Poles.  Creosoting.  {Standard  Handbook). — 
Owing  to  the  increasing  scarcity  of  timber  there  is  a  growing 
interest  in  preservative  mclhodr.  tlial  endeavor  to  impregnate  the 
pole  with  some  <  lu-mical  .-ului  urn  wiii.  h  shall  survcssfully  resist  or 
retard  decay,  but  with  the  exception  of  what  is  called  creosoting 
few  have  found  much  favor.  By  this  method  the  pole  is  placed  in 
a  large  tank  hcrmcticully  sealed.     After  the  tank  is  closed  super- 


the  tank  is  exhausted  and  the  sap  in  the  pole  tends  to  flow  outward 
and  may  be  removed  from  the  tank.  This  is  intended  to  thoroughly 
season  the  pole,  after  which  the  tank  is  filled  with  dead  od  of 
tar  (creosote)  and  hydrostatic  pressure  applied,  until  such  a  quan- 
tity of  oil  is  forced  into  the  timber  as  may  be  specified. 

It  is  usual  to  specify  that  creosoting  shall  be  done  with  a  steam 
pressure  of  not  less  than  45  lb.  applied  for  not  leas  than  4  hr.  and 
then  a  vacuum  of  not  less  than  20  in.  until  all  sap  ceases  to  flow. 
The  dead  oil  of  tar  (creosote)  should  be  liquid  at  100  deg,  fahr., 
should  contain  at  least  25  per  cent,  of  constituents  that  do  not 
volatilize  at  a  temperature  of  600  deg.  fahr.,  should  not  contain  over 
5  per  cent,  of  tar  add  and  no 
admixture  of  any  substance  not 
derived  from  the  distillation  of 
coal  tar.  After theoil  is  pumped 
into  the  tank  it  is  usual  to  re- 
quire that  from  11  lb.  to  25  lb. 
per  cubic  foot  of  timber  shall  be 
forced  into  the  wood.  The 
amount  of  oil  is  determined  by 
noting  the  quantity  pumped 
into  the  tank  and  the  quantity 
pumped  out  after  treatment, 
the  difference  being  that  absorbed  by  the  wood.  This  difference 
divided  by  the  volume  of  the  timber  treated  gives  the  quantity  of 
oil  absorbed.    The  creosoting  process  is  growing  in  favor. 

Fig.  1  shows,  as  would  In.*  expcclcl.  that  the  softer  and  n 
porous  woods  that  suffer  most  rapid  decay  are  most  benefited, 
and  have  the  longest  life  after  treatment.  Such  woods  can  absorb 
the  most  oil.  The  cost  of  treatment  varies  with  the  amount  of  oil 
injected  and  local  conditions.  Roughly,  it  usually  about  doubles 
the  cost  of  the  limber,  while  the  life  is  increased  from  three  to  ten 
fold. 

7.  Steel  poles  are  used  because  of  their  reliability  and  good 
appearance.  Such  poles  are  built  up  of  structural  steel,  or  made 
ol  special  tubes.  Poles  made  up  of  sections  of  wrought-iron  pipe 
welded  together  are  very  common  in  railway  work  along  city  streets. 

8.  Reinforced -concrete  poles  (Standard  Handbook)  are  the. 
most  permanent  and  usually  the  most  expe.iw.we..    T^e  \\\t  tA.  ». 

properly  designed  concrete  pole  is  practically  \voX\m\\.e&..  "^* 
facility  with  which  !;«ial  purposes  may  be  served  «"\<A.  TC\Tis*twfc 
TrZSfxLt,  ,° ua  g"-at  *"' vantage.  The  extetwi  to™  wfl  ^ 
vmodJ&d  to  harmonize  with  any  desired  acWme.  ol  A***** 
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When  it  is  desired  to  lead  wires  from  the  pole  top  to  ground,  the 
poles  may  be  made  hollow,  and  thus  at  a  slight  additional  cost  the 
wires  are  completely  hidden  from  view  and  protected  from  the 
weather.  Concrete  poles  may  fail,  but  they  will  not  fall  to  the 
ground.  The  principal  drawback  to  this  form  of  construction  has 
been  the  cost  and  the  difficulty  of  manufacture.  They  are  heavy 
and  cumbersome  to  transport,  so  that,  where  possible,  it  is  well  to 
make  them  in  the  neighborhood  where  they  are  to  be  used.  Both 
concrete  and  steel  poles  may  be  transported  in  small  packages 
over  mountains  and  erected  on  the  spot,  but  in  this  respect  sted 
is  much  superior  to  concrete. 
9.    Cost  of  Concrete  Poles. — The  cost  of  installation  depends 

to  such  a  great  extent  upon 
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the  accessibility  of  the  point  of 
erection  that  it  is  impossible 
to  give  any  general  rule  for  its 
determination.  Certain  rein- 
forced-concrete  poles  35  ft 
high  6  X  6  in.  at  the  top  and 
14  X  14  in.  at  the  butt 
weighed  2,500  lb.  and  cost  to 
build  $15  each.  Another  type 
of  reinforced-concrete  pole  35 
ft.  long,  7  in.  diameter  at  the 
top  and  11  in.  diameter  at  the 
butt  cost  $1 1  to  build,  cement 
being  $1.50  a  barrel,  sand  $2 
per  cu.  yd.  and  labor  $2  per 


"i^'-'fw^   day-    A  60-fL  pole  for  a  soo- 
'    i      tin*    l  ^-  span,  14  in.  diameter  at 


t  • 
Jo 

CVl 
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Diaqram  Showing 
Lengths  of  Reinfof- 
ang  Rods. 


the  butt,  designed  to  carry  a 
direct  pull  of  16,000  lb.  at  the 
top  and  a  torsional  effect  of  an 
arm  4  ft.  long  carrying  8,000 
lb.,  cost  $160  each. 

10.  The  design  of  reinforced 
concrete  poles  requires  con- 
siderable skill.  Where  one 
who  is  unfamiliar  with  concrete 


k— /?"— «  built  and  that  are  giving  good 

Section  of  Me.  service.    A  very  useful  book- 

Fir';  IA'"~A  3(HJ*  rcinf?rced  concrete   let— Concrete    Poler—wiXl  be 

pole  (traversal  Portland  Cement  Co.).     mailed  free  tQ  any  Qne  j^ 

ested  by  the  Universal  Portland  Cement  Co.  of  Pittsburg.  This 
book  gives  the  dimensions  of  many  concrete  poles.  The  design  of 
Fig.  1  A  is  from  the  booklet.  The  po\e  \&pio^tVtoraA.,foic  a  1 50-ft 
oan,  to  successfully  withstand  a  gale,  vain  Oafc  wucA  *x.  *.n&<*& 
'  70  miles  per  hour,  and  £-in.  ice  on  0&fc  yw».  "EVut  V^ 
d  thus  imposed  by  the  wind  on  an  oi  tke.  \%  tow&A**^ 
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Guy  wires  should  be  at  least  18  ft.  above  a  highway  and  12  ft 
above  a  sidewalk. 

In  cities  it  is  good  practice  to  use  15-ft.  poles  to  carry  either  rae 
or  two  cross-arms;  40-ft.  poles  to  carry  three  or  four  cross-arm-; 
and  45-ft.  poles  to  carry  over  lour  cross-arms.  For  suburban  lino 
30-ft.  poles  are  often  used.  For  very  light  lines  carrying  unly 
three  or  four  wires,  G-in.  poles  25  ft.  long  are  sometimes  aam, 
though  so  light  a  pole  is  inexpedient  if  the  number  of  wins  is  likely 
to  increase.  The  height  of  a  pole  is  always  considered  as  the  told 
length  over  all. 

13.  Poles  should  be  spaced,  in  straight  portions  of  a  line, 
about  125  ft.  apart.  In  curves  and  at  corners  the  spa  ns  should 
be  about  as  indicated  in  Fig.  2. 
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_  14,    Holes  for  poles  should  be  \aige  cnow^  to  sAnit.  t.h.e  $a\ts 

without  any  slicing  or  chopping  tmd  shou\d  Yic  ol  itos  saxae  &™«!uft 

from  top  to  bottom.     The  diameter  ol  iheWie.  ftra<&i  AmvjOw 

*t  least  large  enough  so  that  a  Umping  ta«  cm  \»  -BW^usi w. » 

P»m  between  the  pole  and  the  sides  oi  xh&  wAe- 
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15.  Setting  Poles.— On  straight  lines  poles  should  be  set  per- 
pendicularly. On  curves  poles  should  skint  slightly  so  that  t' 
tension  of  the  wires  will  tend  to  straighten  them.  In  filling  a  h( 
after  the  pole  is  in  it,  only  one  shovcler  should  be  employed  and  as 
many  more  men  as  ran  conveniently  work,  around  the  pole  should 
tamp  in  the  earth  as  the  shoveler  throws  it  in.  Some  of  the 
surplus  earth  should  be  piled  around  the  butt  of  the  pole  so  the 
water  will  drain  away.  Fig.  aA  illustrates  the  method  of  setting 
ii  pole  with  pikes. 

16.  Setting  Poles  in  Loose  and  Weak  Soils.— Where  the  soil  is 
fairly  firm  the  sand-barrel,  Fig.  3,  is  a  valuable  expedient.  This 
consists  of  a  strong  barrel  or  barrels  placed  at  the  bottom  of  the 
hole  into  which  the  pole  is  set.  The  barrel  is 
filled  with  a  firm  substantial  soil.  By  this  means 
the  pole  is  given  a  larger  bearing  area.  Some- 
times a.  temporary  satiilbarn.i  is  used  consist- 
ing of  a  special  iron  cylinder  ih.n  is  placed  around 
the  pole  filled  with  firm  dirt  and  then  hoisted 

Where  the  soil  is  rjiiitc  weak  it  is  customary  to 
use  a  base  of  concrete,  Fig.  4A.  A  suitable 
mixture  is  one  part  cement,  I  liree  parts  of  sand 
and  three  parts  of  broken  stone  or  coarse  gravel. 
Another  expedient,  Fig.  4B,  consists  in  bolting 
transversely  to  the  butt  of  the  pole  one  or  more 
logs  some  6  or  7  ft.  in  length.  This  provides  an 
additional  bearing  area  that  in  many  cases  will 
be  sufficient  to  support  the  pole.  In  marshy 
ground  a  more  elaborate  foundation  (Fig.  4,  C 
and  D)  is  often  necessary,  and  is  made  by 
building  a  wooden  foundation  to  support  the  pole. 

17.  When  setting  poles  in  rock  the  hole  may  be  blasted,  or 
a  hole  1 1  in.  in  diameter  may  be  drilled  in  the  rock  (Fig.  5)  ii 
which  an  iron  pin  is  placed  that  extends  about  6  in.  above  I 
surface.  A  similar  hole  is  drilled  in  the  butt  of  the  pole,  and  the 
pole  mounted  on  the  pin.  It  must  then  be  braced  by  three  or 
four  wood  struts  spiked  to  the  pole  6  ft.  from  the  ground,  running 
diagonally  to  the  rock  and  formed  thereto,  or  by  guy  wires  made 
fast  to  metal  pins  set  in  the  rock. 

18.  Setting  Poles  with  a  Gin-pole.— A  few  men  can  set  a  large 
pole  with  a  "gin-pole"  as  suggested  in  Fig.  ft.  The  gin-pole  c 
be  a  short  wooden  pole  or,  where  the  poles  to  be  raised  are  not  t 
heavy,  a  length  of  wrought-iron  pipe.  The  "gin"  need  be  only 
i  as  long  as  the  pole  to  be  raised.  In  setting  a  pole  the  "gin"  is 
first  raised  to  an  almost  vertical  position  with  its  top  over  the  pole 
hole.  It  is  held  in  that  position  by  fastening  the  guy  lines.  Then 
the  hook  of  the  tackle  blocks  is  engaged  in  a  sling  around  the 
pole  and   the  pole  is  raised,  by  men  or  by  a.  learn  o\  te«a,Vii 

pulling  on  the  free  end  0/  Lite  I  tickle  block  line.    VJ'n.en.Vo^o  eosre^ 
that  its  lower  end  can  be  slipped  into  it,  the  po\c  "is,  foopvieA  «*» 
a  vertical  position  with  pV\s.es  w^  \-V«.  ««£ 
iines  "gin-poles"   are  petmaneaW-j  tosm». 
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on  wagons  for  transportation  and  are  then  called  pole  den-ida 
They  are  great  savers  of  time  and  money. 

ig.  Resetting  Poles. — When  a  pole  becomes  old  and  rottn 
at  its  butt  it  can  be  reset  if  the  expense  of  a  new  pole  is  not  justified 
In  resetting,  the  pole  is  temporarily  sustained  with  3  or^polepika 


and  chopped  off  just  above  the  ground  line.  Then  the  lower  en 
of  the  portion  ol  the  pole  above  ground  line  \a  »t\.  Xt>  ant  idt  in 
the  butt  in  the  ground  dug  out  and  thrown  owvf .  TYvt\wna  v 
f  tbe  upper  portion  of  the  pole  is  then  dioppeAjnAn  OaM*. 
set  pole  is  as  many  feet  shorter  than  it,  totawj  ^ra»  »»  *> 


I] 
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>et  feet  in  the  ground.  Sometimes  ilie  hole  is  dug  around  the 
before  the  pole  is  chopped  off.  The  method  of  reinforcing 
concrete  and  steel  described  in  20  is  usually  much  superior 

Reinforcing  Old  Poles  with  Concrete  and  Steel.     {Electric 
at,  January,  toto). — Wooden  poles  usually  become  unsafe 


jse  of  butt  rot  at  the  ground  line.  Such  poles  ran  be  repaired 
jut  moving  the  wires  [hey  support  by  reinforcing  them  with 
and  concrete  as  shown  in  Fig.  7.  For  ordinary  poles  and 
itions,  10  mild  steel  rods  \  in.  in  diameter  and  4  ft.  to  6  ft. 
are  used  for  reinforcing.  The  lower  end  of  each  reinforcing 
s  pointed  and  is  driven  into  the  portion  «A  lYie  \1\1Vt  toa.\.  ■«- 
f  in  the  hole.     The  other  end  is  bent  a\.  rn£w_  axi^s,  «n&. 
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pointed.  It  is  driven  into  the  pole  above  the  ground  lint 
i-i$-5  mixture  of  concrete  is  used  for  ihe  main  body  and  aricta 
mixture  is  used  for  the  portion  above  ground  line  and  is  moldd 
in  a  cylindrical  sheet-iron  form.  The  concrete  extends  to  jki 
ij  ft.  above  the  ground  line.  Poles  is  to  20  years  old  have  bed 
satisfactorilv  repaired  by  this  method  without  moving  the  wins 


supported.     Poles  have  been  raised  13  in.  and  then  reinforced 
shown  in  Fig.  8,  and  this  without  moving  a  cross-arm  or 
on  the  pole. 

xi.    The  cost  of  concrete  and  steel  reinforcing  is  said  t 
age  about  83.50  per  poic  and  is  always  less  than  the  cost 
placement.     It  is  stated  that  ordinary  poles  reinforced  by  ih 
method  are  capable  of  withstanding  a  horizontal  strain  1  ' 


lbs.  applied  27  ft.  above  the  ground  line.     The  reinforcement  c 

be  made  almost  as  strong  as  one  pleases  by  using  more  ct 

and  rods.    The  method  is  patented. 
22.     Repairing   Steel   Poles. — Metal  poles  sometimes   1 
very  rapidly  a  I  the  ground  and  ulu-ri  ..Auru  i\\  -':«"-'  eiei  ikttnno 
J  too  far  advanced  to  make  any  pieveMive  measaies  r--- 

very  satisfactory  method  (.Fig.  9)  of  repauTOf,  *\.e&  ^ 
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ce  a  loose-fitting  metal  sleeve  around  the  butt  of  the  pole  and 
the  space  between  the  two  with  Portland  cement. 

6aininq  Template. 


^'6rwnd Line 


s*  String 
Pig.  ii. — Use  of  gaining  template. 


3.  Poles  are  gained  or  framed  as  shown  in  Figs.  10,  n  and  12. 
1  gaining  templet  of  Fig.  13  is  convenient  in  laying  out  the 
is.    Hie  gain  should  be  exactly  the  width  of  the  cross-arm 
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1 

J< GrvondL/ne 


Steel 
Square-.^ 


^Sighting  Line 


Cross 


0ne6aln 
Cut 
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PlC  12. — Locating  gain  with  steel      Arm»+ 
square  and  cross-arm. 

ring  a  snug  fit.  In  good  work  gains  should  always  be  spaced 
24-in.  centers  and  should  be  J  in.  deep.  Nothing  is  accom- 
led  by  making  them  deeper.    In  using  the  gaining  templet 
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Dead    Man. 

3 


4'9"  '— *i*6 "4fr-  /f"-J 
Tamping    Bar 


to. — The  tool  illustrated  above  as  a  Cant-Hook  is  properly-  termed  a 
ie.  A  peavie  has  a  splice  in  the  end  of  its  handle,  while  a  cant-hook 
to  splice. 

Pig.  13. — Some  line-construction  tools. 

.  u)  the  point  of  the  "roof"  of  the  templet  is  p\»c«&.  eraKJfcs 
the  point  of  the  roof  of  the  pole  and  the  tem\>\&\.  Vs>  &aS\*k 
its  center  line  (which  should  be  marked  t\\eteot^  Vk»  «a^ 
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under  a  cord  stretched  from  the  roof  point  to  the  center  of  Ihe  pale, 
at  the  ground  line.  Then  the  position!;  of  the  cross-arm  gains 
are  indicated  by  knife  scratches  made  along  the  sides  of  the  ent 
pieces  on  the  templet. 

Where  a  gaining  templet  is  not  available  a  cross-arm  (Fig.  >. 
can  be  laid  on  the  pole  with  a  steel  square  held  against  its  1 
face,  the  outer  edge  of  the  short  limb  of  the  square  lying  a 
center  of  the  pole  and  the  center  of  the  cross-arm.  Rotate  ll 
cross-arm  in  a  horizontal  plane  until,  by  sighting,  it  is  evident  li 
the  edge  of  the  square  coincides  with,  an  imaginary  center  li 
to  a  nail  in  the  center  of  the  butt  at  the  ground  line.  India! 
the  gain  location  by  knife  scratches  along  the  ci 


34.  Pole  steps  (Fig.  14)  can  be  located  on  the  pole  as  shown  ia 
Fig.  15.  A  |-in.  hole  4  in.  deep  is  bored  for  the  iron  step.  It  ia 
driven  into  the  hole  until  it  projects  6  in.  from  the  pole  and  is  then 
turned  with  a  wrench  until  the  hook  end  is  vertical.  The  wooden 
step  is  held  to  the  pole  with  one  40-penny  and  one  20-penny  nail 
or  with  cut  spikes.  Often  the  wooden  steps  are  omitted.  The 
lowest  iron  step  should  be  at  least  7  ft.  from  the  ground.  Pole 
Steps  should  extend  from  the  pole  in  the  same  direction  as  that  of 
the  street  on  which  the  pole  is  set. 

15.  Pole  step  sockets,  Fig.  14,  arc  sometimes  substituted  far 
the  wooden  steps.  The  sockets  drive  into  :i  Jin.  hole.  To  climb 
the  pole  a  lineman  can  temporarily  insert  bolts  or  similar  pieces 
of  metal  into  the  sockets. 

26.  Pole  braces  are  used  where  guying  is  not  feasible  and  cost 
more  than  equivalent  guys.  Fig.  16  shows  methods  of  bracing 
poles.  The  upper  end  of  each  brace  fits  in  a  notch  cut  in  the  pole 
and  is  bolted  thereto. 

27.  Guying. — Probably  there  arc  not  as  many  guys  on  pole 
lines  as  there  should  be  to  insure  continuity  of  service  an  '      " 

itenancc  expense.    Lines  should  be  guyei  usrt  vai 
but   for   the   most  severe   oanOMttKSS   Cfiafc.  1 
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A  guy  should  be  used  on  every  pole  where 
the   tension  of  the  wires  tends  to  pull 
the  pole  from  its  normal  position. 
Terminal  poles  should  always  be 

HEAtj  CL'YED  and  on  lines  currying  three 
or  more  cross-arms,  ths  two  pole*  next 
to  .the  terminal  |i.>lc  should  also  be  head 
guyed  to  distribute  the  stress. 

Line  guys  are  installed  on  straight 
pole  lines  to  reinforce  them  against  the 
excess  stresses  huri'ilnccd  by  storms.  It 
is  good  practice  to  install  heat  I  line  guys, 
as  shown  in  Fig.  17,  at  about  every 
twentieth  pole.  This  applies  only  to 
lines  carrying  more  than  01 


I  GUYS,  arranged  at  right 
angles  to  the  line,  to  trees,  stubs  or  anchors,  is  recommended.  The 
side  guys  are  attached  to  the  same  pole  as  the  head  guys. 


Side  guys  should  be  installed  at  curves,  the  guys  taking  the 
direction  of  radii  of  the  curves.  Fig.  2  shows  a.  table  that  rives 
the  number  of  side  guys  required  for  a  given  We,  ■wYvk  a.  ^yjen 
"pull."     The  pull  is  the  distance  from  trie  po\c  to  a  Vro.e yaw&w? 
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iole  as  possible — at  least  a  distance  equal  to  i  the  height  of  the 
aole. 

30.  The  methods  of  installing  stub  guys  are  shown  in  Fig.  22. 
The  stubs  should  be  long  enough  that  the  guy  wires  will  clear 
■oadways  by  at  least  iB  ft.,  side  walks  by  12  ft.  and  electric  wires 
>y  3  ft.     Stubs  are  used  only  when  a  line  cannot  be  guyed  properly 


Pig-  a6.— D. 


to  trees  or   poles.     Stubs   should    satisfy    the  specifications  of  3 

31.  In  guying  to  a  tree,  tree  blocks  (Figs.  26  and  27)  should 
be  used  and  the  wire  should  pass  but.  once  around  the  tree.  Tree 
guying  is  undesirable  ami  should  not  be  done  unless  absolutely 
necessary.  Guys  should  preferably  be  attached  to  trunks  or  to 
limbs  that  are  not  less  than  S  in.  in  diameter.     Do  not  attach  to  a 


,   1 

t|§-       *-al 

CI 

f 


rob  that  mil  swing  with  the  wind  and  sway  tte  poV.     _ 

x  blocks  should  he  used  so  that  the  guy  wire  cwmvoV  VreiOo.  "Own. 

Vl-,nC!2SS~??a  ^"^  are  used  wl>ere  the  pn\\  on. 
**W    Figs.  28,  3g  and  3o  show  examples. 
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usually  extend  from  tile  arm  to  a  pole  or  stub  but  * , 

light  strains  the  Y  or  "bridle"  guy  (Fig.  31)  is  used.  (' 

33.    A  line  mast  be  thoroughly  guyed  when  It  timw  ■  nit 

Figs.  31  and  33  show  two  methods  of  holding  *  line  at  such  a  point. 


Fro.  30. — Corner  pole  withoat  doubli 


The  method  involving  the  use  of  side  gays  is  preferable  bat  tl 

other  one  will  give  good  service  where  side  guys  cannot  be  nttaH 

34,     Guy-Wire  Insulation.— SUain  insulator*  Utrmbltui  fa—M 

in  all  guy  wires  to  poles  carrying  decttic  ^gifting ec  ^' 
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i  insulators  should  be  inserted  in  each  guy.  One  is  located 
t  6  ft.  from  the  pole  itself  or  o  It.  below  the  lowest  line  wi 
other  is  located  at  least  6  [t.  from  the  lower  end  of  the  g 
at  least  8  ft.  from  the  ground.     The  two  strain  insulators  ; 


:■' 


imes   coupled   in  scries  in  short  guys.     Wooden  tree  blocks 

36)  are  used  for  insulation  under  guys  attached  to  iron  poles. 

Strain  insulators  are  used  in  guys  as  shown  in  illustrations 

j  section  and  are  also  used  in  line;  wires  at  dead  ending  points. 


W^LIC  UBSAR 


iposition,  porcelain   and   ivoodcn   strain  inwAaXOTS  a.tt;  maA.t. 
den  strain  insulators  (Fit;.  ,M  )  ;ire  jh-hiu\-\t  witVi  ><.in\e  ciyhv^m*** 
tiTitrti  cxrclknt    iit-iilnliois  In.U  buve  \_\\v  i  >\i\o:.\.V«v  <0rta.\.\V  ™& 
._  the  ii-Zres  that  it  su/.poris  fall.       (\1m™M\t«.m  aiA  ^sw^a-VC 
wsu/atois  can  be  made  so  that  even  it  the  ™,\A^vo%  twjX«« 
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fails,  the  supported  wires  will  not  fall.  Fig9.  3$  and  $6  show  typo 
meeting  these  requirements.  The  strain  insulator  of  Fig.  35 *i 
cheap  and  satisfactory  and  has  lately  become  very  popular  ii 
electric  lighting  line  construction. 


three  Arms,  Head  6uy  from  Top  of  Frit  It 
v/n  7dpofrhJe4toBottomoffbk3. 


Pig.  33. — Guying  at  road  crossing  with  side  guys. 

36.  Emergency  strain  insulators  can  be  made  by  knocking  the 
ends  out  of  common  glass  line  wire  insulators  as  illustrated  m 
Fig.  37.    To  break  out  the  end,  hold  the  insulator  in  one  hand 


Malleable  Iron 
Eye 


Hickory  hete 


Construction  Detail*. 


Two  Eyes. 


Belts., 


Eye  and  C\evi&.  Clevis  and    Tap. 

Pig.  34. — Wooden  strain  insulators. 


Two    Clevises. 


and  strike  the  inside  of  the  top  a  sharp  blow  with  the  handle  of  < 

pair  of  plyers  or  of  a  pair  of  connectors  01  m\k  a.  screw  driver  hd 

the  other  hand.    Where  one  emergency  \x&\ta.Vst  VBLwfc.4? 
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(  TW  Eyes)  flyr  anttOtltis) 

GonslrueHon  Details.  Complete  Insulator. 

Pig.  36.— Compos ition  attain  insulator*. 


r-mn/frcy 


F'O.  j  7. —Emergency  strain  rasulatore. 
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sufficient  insulation,  two  or  mor 
strain  insulators  thus  made  art 
e  suitable  for 


be  used  in  series.  Emergency  p- 
strong  enough  for  heavy  guf  V 
line  wires. 


37.  Patented  guy  anchors  can  be  used  in  certain  kinds  of  soil 
very  effectively.  Fig.  38  shows  one  kind  of  anchor  that  is  screwed 
into  the  earth  with  a  wrench.  The  resistance  of  this  sort  of  an 
anchor  to  withdrawal  is  not  measured  by  the  weight  of  a  column 


T-.-™-^.— 


^pi^' 


.''•'.-  -  •'  <bi    .".' 


of  earth  the  diameter  of  the  anchor  screw,  but  is  measured  by  that  of 

.a  cone  with  sides  slanting  at  45°  and  having  the  point  of  the 

pmckor  as  an  apex.     Fig.  3Q  illustrates  \h\sa,n.4*iaw4>3it\ainoJa 

in  ti!  for  computing  the  withdrawal  leaistance.    *£^.  ^&u»r&\I 
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ihor  inserted  perpendicularly,  but  an  anchor  should  always  be 
cried  at  I  lie  same  an^le  that  I  lie-  guy  win:  assumes,  so  the  rod  of 
I  anchor  will  be  in  a  direct  line  with  the  guy  wire.  Table  38 
es  the  actual  resistances  [11  withdrawal  of  the  anchors. 


38.    Pounds  Tension  Required  to  Pull  Out  Matthews 
Guy  Anchors 

Lt  Various  Depths  According  to  Prof.  Carpenter's  Formula  (see  Formii 
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,0.     Directions  (or  Installing  Mmuww*  Guy  Anchors.     5-,  6-, 

0  7-IN.  with  rods  -Remove  the  eye  of  the  anchor;  pass  the 
.  through  the  wrrr.ih  and  replace  the  eye,  which  will  serve  to 
d  the  wrench  rigidly  to  the  anchor,  then  screw  the  anchor  in, 
[be  same  angle  as  the  guy  wire  is  to  run,  a-  far  as  ground  con- 
ions  will  permit.     When  in  as  Ear  as  possible,  remove  the  eye 

1  pull  out  the  wrench.  Then  replace  the  eye,  thus  making 
:hor  ready  for  guy  wire.  The  handle  bars  of  the  wrench  are 
instable  and  held  in  place  with  a  set  screw.  They  can  be 
ived  back  as  the  anchor  screws  in. 

i-,  10-,  I2-IN.  with  Rons, — Place  bar  or  other  lever  in  eye 
anchor  and  screw  it  in  as  far  as  ground  conditions  will  permit, 
lays  at  the  angle  that  the  guy  wire  is  to  run.  Time  will  be  saved 
i  the  anchor  start  easier  if  a  few  spades  of  earth  are  removed 
□re  starting  anchor.  When  the  anchor  is  set,  attach  the  guy 
and  to  the  eye.  Always  pull  anchur  back  as  far  as  possible 
ore  finally  tying  the  guy  wire, 

'Jote. — 1£  conditions  are  such  that  many  anchors  must  be 
tailed  close  to  buildings,  fences,  etc.,  a  rachet  wrench  should 

'.N  dry,  hard  groitnd. —  In  setting  all  anchors  in  hard  ground, 
!  work  will  be  much  easier  if  a  hole  is  made  with  a  digging  <>r 
iw  bar  or  a  wood  auger  with  a  long  shank.  This  makes  the 
:h  of  the  anchor  easier.  A  little  water  poured  down  this  hole, 
ore  starting  the  anchor  will  help  ..on -.Hera lily  where  the  ground 
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is  hard  and  dry.  In  installing  8-,  10-,  and  12-in.  anchors  L 
hard  ground,  clamp  a  lever  to  the  rod  by  means  of  a  chain,  a 
or  50  above  the  ground.  As  ihe  anchor  is  screwed  down  the  le 
can  be  moved  up.  The  anchor  mill  start  easier  if  a  few  spa 
full  of  earth  are  removed  at  the  angle  desired  to  set  the  guy. 
a  man  stands  on  the  helix  of  the  anchor  when  starting  until  it 
point  bites  the  ground  it  will  assist. 

In  localities  where  loose  gravel  or  small  flat  rock  occurs, 
a  hole  with  a  digging  bar  or  crowbar,  as  suggested  above.  _. 
small  ruck  is  encountered  it  can  be  broken  by  the  bar.  If  a  large 
rock  is  "discovered,"  the  bar  can  be  removed  and  the  hole  drilled 
in  another  place.  Thin  will  allow  the  use  of  anchors  in  many  places 
where  it  would  seem  impossible  to  install  them. 
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40.     Guy  Wire  and  Cable.' — For  unimportant  work  where  st 
are  not  heavy,  a  single  strand  of  No,  4  or  No.  6  galvanized  steel 
wire  is  sometimes  used  (see  index  for  table)  but  modern  practice 
favors  galvanized  steel  cable  or  "strand.1'  (See  index  for  table,] 
For  cross-arms  and  other  light  guying,  a  J-in.  steel  cable  (tensile 
strength  2,300  lb.)  can  be  applied.     The  standard  guy  for  regular 
pole  guying  is  a  is4--in.  special  steel  cable  which  should  have  a  ten- 
sile strength  of  at  least  0,000  lb.       Many  telephone  lighting  and 
power  companies  use  this  size  and  grade. 
4'-     Cross-arms. — Tabic   43  shows  t\ie  ffira.cB.'doua  tA  <&»  «£ 
called  standard  arms      Fig   40  shows  Ike  itams™^  o\  ciu=&-;*™& 
•recommended  by  the  National  Electric  \J&A  ***xg%^j£2 
irnts  ha  ve  a  spacing  between  center  pvns  oi  5°  vrv.,-«m™ «. «™ 
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to  provide  a  safe  climbing  space.  Cross-arms  are  best  made 
of  long- leaf  yellow  pine.  N'urway  pine  <>r  Ori'Mun  tir.  Cross-arm 
dimensions  have  not  actually  been  sfaudarJized  throughout  the 
country.  It  is  probable  that  arms  of  the  N.  E.  L.  A.  dimensions 
(Fig.  40)  will  come  into  extensive  use.  It  is  modern  praclice  nut 
to  paint  cross-arms  as  soon  as  they  are  "made.  They  are  either 
treated  with  a  wood  preservative  or  arc  permitted  to  season 
naturally  for  at  least  three  months  and  are  then  painted  with  two 
coats  of  green  white-lead  paint  before  erection.  No  cross-arm 
having  a  spacing  of  less  than  ;o  in.  between  tenter  pins  or  10I  in. 
between  side  pins  should  be  used.  The  six-pin  arm  (Fig.  40)  is 
recommended  for  general  use. 

. g.  ■  „ ______ 


0f* 


li'*i"  \  Ijftvplnm 


Fie.  4'.— Cross-arm  brace.  N.  E.  L.  A.  recommendations. 

43.  Cross-arm  bolts  are  standard  |-in.  machine  bolts  prefer- 
ably galvanized  (Fig,  42J,  A  square  washer  (Fig.  42)  is  used 
under  both  head  and  nut. 

43.  Standard  Cross-aims.  Finished  size,  3}  in.  by  4}  in.  Bored 
for  ij-in.  or  ij-in.  pins,  two  |-in.  carriage  bolts  and  one  j-in. 
or  two  J-in.  bolts,  as  may  be  directed.  Pin  holes  shall  bea  driving 
ht;  carriage  bolt  holes  ft  '"■  diameter;  i-in.  machine  bolt  holes  ft 
in.  diameter;    j-in.  machine  bolt  holes  H  in.  diameter. 


No.  ptns 

Pin  spuing 

Approximate 

End 

.  in.  |  Sides,  in  [  Ce 

to*,  in. 

££t£  £. 

aS 
16 

la 

16 

id 

1 

6 

I 

16) 

'el 

1 

•I 

!! 

>0I 

+4.  Cross-arm  braces  (Fig.  41)  are  of  strap  iron  (mild  steel)  and 
are  preferably  galvanized.  H races  are  attached  to  the  front  of 
each  cross-arm,  each  by  a  4  5 -in.  carriage  I  mi  I  i  Fig.  4.),  before  the 
arm  is  fastened  to  the  pole.  The  head  of  the  bolt  is  at  the  back 
of  the  arm  and  has  a  round  washer  (Fig.  42)  under  it.  The  nut  is 
on  the  brace  side.  There  are  braces  of  other  siz.es  in  use  but  the 
one  ol  Fig.  41  appears  to  be  best  suited  ior  i_encra\  -notV  "Vn» 
braces  are  secured  to  the  pole  by  a  squate-^ea<i  co&&  ox  Ya%  ^.it-a 
(Fig.  41)  usually  i  in.  by  3j  in.  Tau\e  4.6  sWwi  v™?1^™5,  A 
lag  screws  of  other  dimension*.      Dimensions  ol\a.&s«e^\^««3aw 


by  thirty-live  different  manufacturers 
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h 2^- H-4-lc 


CM 


Cross  Arm  Bolt  Washer. 


% 


SJfflMVW)! 


5E 


Lag  Screw 

~~!55 


Mi 
3* 


Carriage  Bott 

k 9" * 

iimbp*mck\        (-^         I 


l^, .......... 


i-J 


•  Depends ottuiBftiGf Mb  -- ««— 
Cross  Arm  Boh", 
f  40  FrtNnzs  sMootd  be  gahonrud.) 
Pig.  42. — Cross-arm  fittings,  N.  B.  L.  A.  recommendations. 


45.    Dimensions  of  Machine  Bolts  and  Nuts. 


X  * 

.0 


KtJ 


r*i 


U 


D 


mQi 


Square  Head  Machine  Dolt  and  Square  Nut. 


D 


■El 

!_r 


Hexaarrsa\   Head  Machi-.e  So>r  and  tlexao^nol  >Uit.     ^"" 
Fig.  4.2A. — Machine  bolts  and  nuts, 
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46.  Gimlet  Point  Square  Head  Coach  or  Lag  Screw. — Lag 
screws  1}  in.  long  and  under  are  threaded  the  entire  length.  Lag 
screws  longer  than  ii  in.  are  threaded  but  three-fourths  of  their 
lengths 


no.  tt-am. 

lead  gimlet-point  coach  or  lag  screw. 

5 

OS 
6 

4} 
I 

1 

IE 

i 

1 

5s 

0 

L 

t 

1 

! 

\ 
I 

1 

1 

■P 

it 

1 

'A 

if 

3 

A 

i 

Screws  increase  in  length  hy  Mo, 

"screi"  T 

antl  fin.  are  niacin  U-rn-rh-.  ■  :   [!   ;::. 
to  anJ  including  li  in.;  .;,   L::.  i!i:l.  frt.ru 
Ijin.tooiTi.    writs;  Jin.Uia..  ii  in.  TO 
«^  ill-.    A     i:v     anri     J    „,.     ,-|;a..    ,    ,.,.   ,., 

r  Button  Head  Carriage  Bolts. 


^i^aO'ipi, 


Pic.  44 

— Comm 

on  carria8a 
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48.     Punched  Wrought-iron  Washers. 


whlfr'e 

obstructions.  These 
are  special,  the  di 
given  in  the  illustration,  and  the 
fittings  used  on  them  ate  spe- 
cial. Side  guys  or  crib  braces 
(see  illustration)  are  used  where 
the  tine  wires  are  heavy,  to 
counteract  the  tendency  of  I  he 

50.    Double  arms  are  used 
wherever  the 

is  unusually  severe  or  where 
every  precaution  is  necessary  to 
insure  safety.  Double  arms  arc 
often  used  on  the  poles  at  each 
side  of  a  street,  at  each"  side  of 
railroad  crossings, 
other  points  where  the  direction 
of  a  line  changes.  Figs.  2S,  20, 
30,  33,  33,  47,  4s.  -tn<->  49  snow 
i-\-:ini[  )k's  >>i  iJoLible-armcd  poles. 
The  two  cross-arms  can  hi*  sepa- 
rated by  wooden  spacing  blocks, 
Fig.  47,  by  spacing  bolls,  Fig. 
28,  A,  or  by  spacing  nipples, 
Fig.  2&,  B. 

The  spacing   blocks   can  be 
sawed    from    a    cross 
H-in.  hole  bored  through  thi 
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ck  and  cross-arm  accommodates  a  §-in.  bolt.  A  washer  is  used 
ler  bolt  head  and  nut.  Spreader  bolls  can  be  used  instead  of 
■dog  Mocks  (F%.  '8,  A);  the  bolls  are  threaded  their  entire 
gths.  A  galvanized  iron  pipe  nipple  can  also  (Fig.  28,  B)  be 
d  to  separate  the  cross-arms.  There  is  not  a  great  deal  of 
•ice  between  the  methods  if  the  fillings  for  each  are  available, 
ibably  the  wooden  spacing -block  method  is  most  used  because 
s  supplies  required  for  it  arc  always  readily  obtained  "on  the 
p."  Where  an  arm  guy  is  to  be  attached  to  the  cross-arm,  an 
^-spreader  boll  can  lie  used  as  shown.  Single-armed  poles  are 
s  often  used  particularly  on  junction  poles,  as  shown  in  the 
iimpiinying  illustrations,  in  locations  where  double  a 


:  preferable 


doubled 


tnerly  thought  necessary.      The  single 

.t  they  allow  greater  climbing  space  lor  linemen. 

;i.    Reverse  or  buck  arms  are  used  at  corners.     See  Figs.  29, 

47and48.  When  placing  huckarms,  ample  room  must  bepro- 
kij  through  which  a  Hsu-man  can  reach  the  lop  of  the  pole.     A  20- 

square  space  is  the  minimum.  Cross-arm  braces  on  buck-arm 
les  should  be  attached  to  the  arms  at  a  point  2jJ  in.  from  the 
iter  of  arm  instead  of  at  ig  in.,  the  standard  distance  for  ordinary 
.ming.  The  j-in.  holes  for  the  brace  (carriage,;  holts  must  be 
ceialfy  bored,  at  the  above  spacing,  in  buck  arms.  The  23-in. 
acing  is  correct  for  28-in.  braces. 

52.  Cross-arm  pins  should  be  of  locust.  Oak  pins  are  some- 
ties  used  but  they  are  treacherous  and  may  break  when  they 
uuld  not  and  thereby  cause  accidents.  Table  56A  and  Fig.  53 
ow  dimensions  of  some  standard  pins.  The  pin  dimensvitis. 
■nmmvinlcd  by_  the  National  Electric  Light  \ssocia.\lw&  \»t 
'inary  distribution  use  are  shown  in  Fig.  51. 
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-pernor  nail  as  shoi 


53.    Pins  are  held  in  cross-arms  with  a , 

in  Fig.  52.  The  nail  should  not  be  driven  entirely 
of  its  length  should  extend  so  that  the.  cutting  jaws  of  a  pair 
plyers  can  be  forced  under  the  head  and  the  nail  thereby  wil 
drawn.  If  this  suggestion  is  followed  and  it  is  necessary  to  remo 
a  pin,  it  can  be  readily  accomplished. 


5$.    Insulators. — Glass     insulators     are    ordinarily    used    to 

com!  1:1- tors   at    pressures   of    2,200    volts   and    under.     However 

porcelain  insulators  arc  much  cheaper  than  they  once  were  and 

porcelain  is  now  a  formidable  competitor  of  glass  as  an  insulatoi 

material  for  even  the  lower  voltages,    \xvstftatam  Aasii.\«.  ol\hi 

fh'i-fi-groovc  double-petticoat  type.     TW«svk*Vw  ■'S&as.Vw.xsA 

F'g-  So  mil  give  excellent  service  at  pressures  >™Aw  *,«»  ^ 

.    55-      GIbsS  insulators  are  cheaper  *»^*£d£TCS 

its  transparency,   flaws  can  be  detected.^  *  «™P*  1B^1 
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andard  Handbook.)  Glass  has  an  exceedingly  high  dielectric 
ength  and  specific  resistance.  It  condenses  moisture  on  its 
■iace  and  the  action  of  the  distilled  water  destroys  the  smooth- 


i  collect  and  form  a  leakage 

trouble  from  leakage  and  ate 
it  and  large  changes  in  tern- 
increased  by  using  a  number 


S  of  the  surface  and  allows  dirl    L 
!_h  around  the  insulator. 
;6.     Porcelain  insulators  give  lcs 
jerior  to  glass  in  resisting  o 
rature.     The  surface  resistan 
petticoats. 

56A.  Wooden  Insulator  Pins. — All  standard  Insulator  pins  of 
n.  and  i|-in.  top  diameter  have  four  threads  to  the  inch  and  a 
pcring  diameter  of  rV-in.  increase  for  each  inch  in  length. 


_  Shipping  wt. 


57.  In  locating  circuits  on  poles  the  through  wires  or  trunk  lines 
iould  be  carried  on  the  upper  cross-arms  and  (lie  local  wires,  those 
hich  are  tapped  frequently  should  he  carried  on  the  lower  cross- 
ms.  The  two  or  three  wires  of  ;i  circuit  should  always  he  carried 
1  adjacent  pins.  This  is  .if  particular  imparlance  with  altcrnating- 
irrent  circuits  as  the  inductance,  consequently  the  inductive 
iltage  drop,  is  increased  as  the  distance  between  the  wires  of  a 
rcuit  is  increased.  Wires  of  a  circuit  should  always  take 
e  same  pin  positions  on  all  poles  to  facilitate  trouble  hunting. 
Ties  circuits  which  do  not  operate  during  the  day  time  rai-j  oUsxi 
■  carried  on  the  pole  pin*  of  a  rr<ij3-urrn.  llign-tensAon  myMv^ft 
Tiiits  that  are  "hot'  continuously  arc  wd\  pVaced.  alOoft  erAack 
arms  out  of  the  way  nf  linemen.  The  neul.ra\  wtc  3iwA4. 
^V"  ,heccmer  ••>  ■'  thr.-.-.v.r.    urcuU.     1"\£.  y,  3iww*  «— 
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58.  Wire  and  Wire  Sizes  for  Electric  Light  and  I 
No  wire  smaller  than  No.  6  is  used  in  good  const! 
wire.  No.  8  is  sometimes  used  for  services,  not  m< 
long,  that  do  not  cross  a  street.  Solid  wires  are  of  Ma 
up  to  and  including  No.  00  and  cable  ('sfraniierl  v.i 
larger    conductors.     Triple-braid    weatherproof    is 


Primary  Frcder  fteaer 


insulation  of  : 
Annealed  or  soft- 
preferable  to  hard-i 
it  is  more  rea.dily  h 
the  sizes  used,  ha; 
strength. 

59.  The  perpe 
tance  between  all 
where  they  are  firn 
poles  or  other  supj 

60.  Clearances 
the  National  Elec 
The  following  inii 
required    for   line; 

,„  a  pressures  exceedin 

iwo-arm  poib.  It  represents,  how 

practice    for      2,01 

(The  matter  is  taken  from  the  Factory  Mutual  I 

pany's  handbook.) 

When  it  is  necessary  to  carry  5,000-volt  lines  I 
they  must  be  at  such  height  and  distance  from  the  1 
to  interfere  with  firemen  in  event  of  fire;  therefore, 
of  a  building,  they  must  be  carried  at  a  height  not  le 
the  front  cornice,  and  the  height  must  be  greater  th 
cornice  as  the  wires  come  nearer  to  the  building, 
with  the  following  table: 


It  is  evident  that  where  the  roof  of  the  building  a 

in  line  wirh  the  walls,  as  in  .Mansard  roofs,  the  heigl 

0/  the  line  must  be  reckoned  from  some  part  of  the 

from  the  cornice. 

In  order  to  make  the  intent  of  tuft  aWe  «£»  ™ 

3s  clear  as  possible    the  following  cxamvV  v-  ■a:.\v 

in  full  lines  a  three-story  bmldmg  wtth.  &*V  vwa 

-hanging    about    2  It.      The    po\e&   «.m™ 
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set  just  inside  the  curbing,  say  15  ft.  from  the  building, 
cross-arm  is  6  ft.  long,  bringing  the  outside  wires  say  3  ft. 
side  of  the  pole.  Therefore  the  wire  nearest  the  building  is 
,  ftorn  the  cornice,  in  horizontal  projection, 
[erence  to  the  above  table  will  show  that  under  these  condi- 
the  wires  must  be  at  least  6  it.  above  I  lie  cornice.  If,  now,  the 
ing  had  had  a  very  suvp-pitched  roof  or  especially  one  of  the 
sard  type,  as  shown  in  the  dotted  lines  in  this  sketch,  it  will  be 
y  seen  that  the  above  arrangement  would  not  be  satisfactory, 

!S  would  be  very  liable  fo  interfere  with  lighting  fire  in  the 

__:_  _ 

then 

ly  the  wires  must  be  raised 
ibove  their  previous  position 
ier  that  they  may  be  4  ft. 
:  the  roof,  as  required  in 
,bove  table  when  within  15 
i  the  building,  as  in  this 
The  cut  shows  very  clearly 
tat  extent  the  dotted  Man- 
roof  affects  the  height  of  the 

Stringing      Wire.— There 
wo  methods,  the  choice  dc- 
ng   on  local  conditions  and 
ze  and  length  of  the  circuit, 
ne  method  a  reel  of  wire  is 
:  one  end  of  the  line,  and  a 
carried    1,500   or   z,ooo   ft. 
the  cross-arm.1;  and  attached 
e  wire  that  is  then  drawn  1 
the  arms.     The  other  way  is 
ice  the  reel  on  a  cart,  and 
securing    the   end    of    the 
to  the  last  pole  the  cart  is 
;d  and  the  wire  paid  out  till    „ 
econd  pole  is  reached,  and      lG 
the  wire  is  hoisted  up  and 
in  the  arm.     Wire  should  akvay 
>il  revolving,  so  that  the  wire  v 
is  not  received  on  reels  it  should  be  placed 
gout. 

Proper  Sag  in  Annealed  Copper  Line  Wires.— The  wires 
i  be  pulled  up  until  the  s.ii;  mjuals  thai  indicated  in  the  fol- 
l  table.  The  permissible  sag  is  (he  same  fur  wires  of  all  sizes 
aries  only  with  llu-  leu;;]  h  uf  span  and  t\\c  tempetaVous  o\  \.Y*i 
the  lime  of  stringing  the  wire. 
table  is  based  on  soft-drawn  copper  wie,  m^umAhX.'ctis?* 
1  34,000  lb.  per  square  inch.  Ttiii\e.-Vir,vuWi\  svt.vV\it^™' 
m.     Factor  of  safety,  4.      Minimum  tempetaXvue,  — 'lo 


from  the  coil, 
ted.  Where 
them  before 
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Span 

Deflection  in  inches 

in 

Temperature  in  degrees  Fahrenheit 

feet 

- 

30° 

40° 

50° 

do° 

70° 

8o° 

9»* 

< 

SO 

8 

9 

9 

10 

XX 

11 

12 

•  60 

10 

XI 

11 

12 

13 

It 

U 

70 

11 

12 

13 

It 

15 

17 

80 

13 

H 

IS 

17 

18 

19 

90 

It 

,      16 

17 

18 

19 

20 

21 

100 

17 

19 

30 

'ax 

»3 

It 

no 

18 

19 

21 

22 

» 

95 

120 

19 

21 

23 

*4 

«7 

28 

140 

22 

It 

26 

28 

30 

33 

3 

160 

26 

30 

3* 

34 

36 

180 

29 

32 

34 

36 

39 

41 

43 

63.  Tying  in  Wires. — Normally  the  wires  should  rest  in  the  is- 
sulator  grooves  as  shown  in  Fig.  56,  A>  but  where  there  is  a  sfck 
stress  the  wires  should  be  so  arranged  that  the  pull  comes  agaJDftl 
'  the  insulators  rather  than  away  from  them,  Fig.  56,  B.  A  single  tic 
for  the  smaller  wires  is  shown  in  Fig.  57,  A,  and  a  back  tie  for  the 


c 


Cross  Mn 


2 


I 


Art* 


/w 


A. 
Arrangement  on  Straight  Lines 


4)))  ?))) 


Aiiwigtment  «iw»  tfcwt  »a  Side  Strain 


Fig.  56. — Positions  of  wires  in  insulator  grooves. 


larger  wires  is  shown  at  B.  The  single  tie  wire  is  about  12  in- 
long  and  the  back  tie  about  18  in.  long.  The  back  tie  is  made  as 
follows :  Bend  the  tie  around  the  insulator  under  the  line  wire,  with 
4  in.  on  one  side  of  the  insulator  and  the  balance  on  the  other  side. 
Wrap  the  short  end  three  times  around  the  line  wire,  leaving  a  space 
equal  to  the  diameter  of  the  tie  wire  between  successive  wraps. 


line  Snub** 
Win 


yjffa  insamor. 


Single    Tie 
A 


Fig.  57. — Methods  of  tying. 


Now  wrap  the  long  end  of  the  tie  wire  three  times  completely 
around  the  line  wire,  then  back  around  the  insulator  and  wrap  it  in 
the  spaces  left  between  the  wraps  of  the  other  end  p£  the  tie  wire 
The  ends  of  all  tie  wires  &ho\idbecx&Q&daifetAlfa]^ 
own  in  the  illustration.  .""    '  '  -  . 


ect  3] 
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64.  Tie  Wires. — Tie  wires  should  be  insulated  with  the  same 
laterial  as  the  line  wire.  Do  not  use  a  tie  wire  twice  as,  after  once 
sing  bent  and  strained,  it  will  be  brittle.  The  following  table  of 
zes  has  been  recommended  for  ordinary  stresses.  For  very  heavy 
resses  heavier  tie  wires  should  be  used. 


Size,  line  wire 

Size,  tie  wire 

Kind  of  tie 

6 

4 

2 

I 
00  and  larger 

6 
6 

4 
4 

2 

Single. 

Single. 

Single. 

Back. 

Back. 

65.  Tree  Wiring. — Where  wires  are  so  carried  through  trees 
lat  they  would  rub  against  branches  they  should  be  supported 
/  tree  insulators  of  some  sort  or  should  be  encased  in  abrasion 
olding.  Wires  should  not  be  rigidly  attached  to  branches  or 
nbs  because  the  swaying  of  the  tree  might  break  the  wires.  Fig. 
I  shows  some  improvised  tree  insulators  so  arranged  that  the  wires 
ive  enough  play  to  insure  against  breakage.  Several  good  pat- 
lted  tree  insulators  are  on  the  market. 


Split forte/a in 
Insulator. 


Porcelain. 
Insulator 


loopmust.not 

touchBrdnch 


Tree 
Insulator 


Pig.  58. — Improvised  tree  insulator. 


66.  Abrasion  Molding. — Fig.  59  shows  one  type,  made  of  wood, 
ound  to  the  conductors  with  wire  and  taped  at  the  ends  to 
revent  slipping.  Improvised  tree  moldings  can  be  made  from 
wooden  strips  nailed  into  the  form  of  a  box.  The  molding  takes 
he  brunt  of  the  wear  and  prevents  injury  to  the  insulation.  A 
mgth  of  abrasion  molding  should  be  sufficiently  \oiugV^\.a.\fta3i&L 
znnot  catch  on  its  end. 

67.  Cable  clamps  can  often  be  used  w\t\i  economy  *X  te»£ 
ling  points  and  corners.  Fig.  60  shows  some  exam^.  ■rt*«5*; 
use  of  a  cable  clamp  the  "making  up"  oi  "  dead  ends,"  ^V\c 

expensive  for  heavy  cables,  is  avoided',  tke  Une  w»  «* 
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carried,  without  cutting,  around  a  corner  or  in  any  new  di 
The  manufacturers  claim,  and  it  is  probably  true,  that  it  is  the 
to  purchase  and  install  a  cable  clamp  than  to  "make  up  a  deadend1 
in  any  wire  larger  than  No.  oooo.     The  cable  clamp  grips  the  bare 


conductor,  the  pressure  being  furnished  by  four  bolts.  A  strain  in- 
sulator must  be  used  to  insulate  the  damp  from  the  bolt  or  turn- 
buckle  that  supports  it.     The  dimensions  of  a  Matthew's  clamp 

for  all  wires  of  sizes  from  ooo  to  and  including  2,000,- 

ji"       000  cir.  mils  arc  given  in  Fig.  6t. 
>?vJt\  '  68.     Specification  and  Test  for  Galvanized  Iran 

~y./'jj      and  Steel  for  Line   Construction. — The   galvanizing 
jJ^CT      shall  consist  of  a  coating  of  zinc,   evenly   and  uni- 
~"      formly  applied.     The  zinc  shall  be  so  applied  that  it 
X^ffSfc-      wilt  adhere  to  the  surface  of  the  iron  or  steel.     Th( 
t™>  •*•.        finished  product  shall  be  smooth. 

Fig.  60A. —        Any  spedmen  shall  be  capable  of  withstanding  the    | 

Appiicaimnol  following  lest:    The  sample  shall  be  cleaned  befow 

cable  damp.      j^ting     firs|_  w\fti  tatWna.,\isTViAivt  ot  VnivsMun*  and 

cotton   waste  (not  with  a  btusYO.  '*"*■  ^^  ^cTov^ii^rfflaoi^ 

clean  water  and  wiped  drv  wUU  c\eau  rovu^  tia^.    T^K-asmS* 

shall  then   be  immersed  in.  a  starxiatd  ^\v.v«*v  <A  ^W«  «fc 

boroughly  wiped  dry.      Tliis  process  stiaW  \>e  ^V 
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the    lourLh   immersion   there   is  a  copper-colored  deposit 
sample,  or  the  zinc  is  removed,  the  lot  from  which  the  sarai 
taken  shall  be  rejected.      In  the 
case  of  No.  14  gal  van  i  zed-iron  or 
steel  wire,  the  time  of  the  fourth 
immersion  shall  be  reduced  to  i 

69.  Copper  Sulphate  Solution. 
— The  standard  solution  of  copper 
sulphate  consists  of  commercial 
copper  sulphate  crystals  in  water. 
This  solution  has  a  specific  gravity 
of  1.1S5  at  ;o  deg.  fahr.  While  ' 
a  sample  is  being  tested  the  tem-  c 
perature  of  the  standard  solution 
should  at  no  time  be  less  than  60 
deg.  fahr.,  nor  more  than  70  deg. 
fahr. 

70.  Cost  per  mile  of  pole-lines  for  3 -phase  2,300  to  n,6oo  volts. 
Data  from  six  north- central  and  south-western  states,  1900. 
From  "Data,"  October,  1910.  Figures  are  exclusive  of  painting, 
copper,  engineering  ami  amoral  expense. 


13  of  Matthew's 
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UNDERGROUND  CONDUIT 

71.  Underground  conduit  construction  is  now  an  important  and 
Specialized  branch  of  electrical  engineering.  In  this  book  is  given 
only  enough  information  to  enable  one  to  lay  out  and  install  such 
minor  underground  i-lnn-lures  .is  may  be  required  in  isolated  plant 
or  industrial  plant  w»rk.  t"rnlcivr'n:riii  c  ■  -n-f: r-aot  ii-Ti  :ikv:,v-  ■. . > - 1 s 
more  than  overhead  construction.  In  this  country,  "built-in." 
systems — those  in  which  the  cable  Is  buried  in  the  earth  without 
protection — are  seldom  used  because  if  trouble  occurs  on  the  con- 
ductors it  is  necessary  to  cvcavale  to  remove  them. 

72,  Commercial  duct  materials  arc  iron  p'\\ie,  -wotA,  wwis.t!\.- 
lined  pipe,   cement,    vitrified   clay   and  Viwmwwao.  -mc*A  viv 

Only  iron  pipe,  cement  and  virtified  clay  are  Yecommc\iCve&."\a^ 
book  as  it  is  believed  thai,  all  thin^  .-onsuU-^A,  vYiesfc  axe  **■' 
materials  that  can  be  thoroughly  depended  on  tax  ^erw«  -se 
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73.  Creosoted  wood  ducts  are  low  in  cost  but  will  p 

decay  in  time.  Their  life  is  said. In  be  about  twenty  years  if  ihor- 
ought y  creosoted.  Wood  durts  are  inflammable  and  may  bum  in 
case  of  a  short-circuit  within  ihem. 

74.  Cement-lined  pipe  was  oner  used  extensively  but  it 
found  that  the  are;  of  short-circuits  within  such  a  duct  cracked  the 
cement  lining.  It  (-hipped  off  and  blocked  the  duct.  There  is 
little  if  any  cement  lined  pipe  being  installed  at  present. 

74A.  Cement  duct,  known  as  "Stone  Duct,"  manufactured  by 
a  patented  process  lluit  insures  homogencousness  and  strength  is 
now  being  largely  used  in  the  Chicago  district. 

Bituminized  fiber  duct  is  easily  laid  and  when  new  permits 


cables  to  be  drawn 


readily  because  of  its  smooth  oily  it 

surface.  It  is  a  comparatively 
recent  product  and  its  life  is 
yet  undetermined.  Furthermol 
cases  have  been  reported 
duel  lengths,  in  piles  left  to  . 
tii  the  heat  of  the  sun,  have  been 
distorted  by  the  weight  of  the 
duct  lengths  piled  above  them. 
Cases  have  also  been  reported 
where  cables  have  stuck  in  fiber 
conduit  and  (hi-ir  withdraw.il  iv:ls 
1  hereby  prevent  I'd.  Probably  liiis 
condition  is  most  likely  to  occur 
where  the  duct  is  healed  con- 
liiuiiuisly  either  by  overloaded 
conductors  or  by  adjacent  steam 
pipes.  The  upper  portion  of  the 
duct  sags  down  until  it  rests  on 
1  lie  cable  or  possibly  obstructs  the 
duct  if  there  is  no  cable  in  it. 
76,    Iron  pipe  makes  an  admir- 


able 


except  under 
Iron  pipe  appears  to  be 
Side     the    cheapest    dependable    duct 
Vi«w    materia!  for  laterals  (Fig.  61,  A) 
because  it  is  not  necessary  to  im- 
.  bed  it  in  concrete.    Itisalsoused 

FtG.  6tA.-Wrmght-ir.ra  p.pe       where   u    ;3   nw;ss?ry    to   ^uH 

many  ducts  in  a  limited  space.    It 
can  be  bent  almost  at  will.     Where  it  is  necessary  to  thread  n 
network  of  underground  strurtures  iron   pipe  is  the  only   usable 
material.     V  here  vitrified  clay  duct  can  be  used  it  is  to  be  prefer- 
red,    ll'ro  tight  -iron  electrical  conduit  can  be  used  for  underground 
conduit  but  it  is  the  practice  of  t¥ie\ary.et  cQYtvyM»K.v.<iWj  wdfc 
i*ry  commercial  wrought  iron  pipe.  iv-u.AV:   ?>  ™.    ^<E«u.-gft;xs 
pipe  is  preferable  to  steel  pipe,  «rWh  is  <A*-«i  «*&\«n 
«>«,  because  (he  wrought-iron  resists  conoswnv  w™«s.i 


-iXV:-\ 
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ively  than  does  steel.     See  index  for  dimension*  of  wrought-iron 
conduit  whk'h  are  the  same  as  [host  for  wrmisrht-iron  pipe. 

77.  Vitrified  clay  single  duct  or  hollow  brick  is  the  most  popular 
'or  power  cables.  1'ij;.  <■_'  shoivs  a  lypic;il  Icnjrlh.  The  dimensions 
if  ducts  furnished  by  the  different  n.juiufaiturers  may  vary  from 
hose  of  the  illustration.  The  single  duct  is  preferred  because  its 
vails  are  thick  and  in  laying  every  joint  is  broken,  eliminating  the 


-£&* 


Fig.  6: 


if  single  duct. 


inssibility  of  the  an  •■( a  -'10M-1  iriijil  un  nae  i-bli-  affecting  cables 
n  other  ducts  in  :he  same  run,  Single  ducts  can  also  be  more 
eadily  laid  around  obstructions  s.irh  as  pipes  .mi!,  furthermore, 
:urves  tan  be  mon"  readily  formed  wish  them  than  with  multiple 
lucts. 

78.  Vitrified  clay  multiple  duct  is  sometimes  used  for  conduits 
or  power  cables  bat  11  is  no'  as  popular  a?  sir.ple  duct  for  the  reasons 
;iven  under  "Single  Duct."     The  four-way  multiple  duct  is  tho 


E 


M  ;;  '--h'sfS 


multiple  duct. 


nost  popula.r  size  i  i'i;;.  o;"j.  alilitiii.i;l]  the  .sis-  ivay  duel,  is  frequently 
ised.  Nine,-  twclvc-and  si^trtn-ivay  multiple  dr,-..:ts  can  be  manu- 
actured  but  they  are  seldom  nsc-fl  ln'tause  of  their  excessive  weight 
Lnd  liability  to  breakage.  The  dimensions  of  the  mulliple  ducts 
if  a  certain  nominal  size  made  by  different  manufacturers  vary. 
Those  shown  in  Fig.  ft.?  for  a  four-way  duct  are  typical. 

70.    In  laying  any  kind  of  a  conduit,  after  the  trench  is  ejea- 
rated  its  bottom  should  be  rammi.-'l    until  solid  mul  then  leveled 
iff  and  graded  so  as  to  pilch,  from  the  teiiler  \uAv\\.  \icVn  cksv  "sosm.- 
oles  toward  each  manhole,  about  1  ft.  in  100  It.    TYivs. N»  \»  ™- 
re  effective  drainage.      The  upper  fan-  oi    lYit  cwwtaW.  ^\.«A&"^. 
least  3  It.  below  the  surface  of  the  ground.     TW  Wc^tV  *10«B 
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be  6  in.  wider  lhan  the  conduit  to  provide  space  for  the  3-11 
of  concrete  which  is  usually  necessary  around  vitrified  conduits, 
No  wooden  form  is  required  for  the  concrete  if  the  earth  " 
pact  and  self-supporting.  In  yielding  soils  a  rough  wooden  form, 
which  can  be  removed  after  "the  concrete  has  set,  can  be  used. 
The^-in.  bed  of  concrete  should  be  placed  parallel  with  thebolton 
of  the  graded  trench.     After  the  pieces  of  duct  material 


e  sides  should  be  carefully  tamped  in.  Care  must 
a  disturb  the  duct  alignment.  Then  the  3-in. 
3  spread  over  the  duels.  Where  the  subway  is 
composed  of  more  than  one  tier,  cement  mortar  should  be  placed 
between  tiers  as  shown  in  the  illustrations. 

80.    Laying  Single-duct  Conduit.— (See  Fig.  64  for  sections  of 
single-duct  runs.)     A  concrete  bed,  usually  3  in.  thick,  is  placed 
.      .  on    the   bottom    of    I  he  trench 

alter  the  latter  has  been  prop- 
erly   excavated,    leveled    and 
graded.      After  the  bed  is  set 
the  duel  is  laid  in  cement  mor- 
tar.    A  mandrel  (Figs.  65  and 
60)  is  used   to  keep    the   suc- 
cessive pieces  in  line.     It  is  customary  to  enclose  the  conduit  in  a 
continuous  corn-nil'  encasement  j  in.  to  i,  in,  thick. 
The  mandrel  is  ]  Hilled  through,  mth.  a  Wj,  Vndt  -as.  v*»  «!*&<&. 
:  he  duels.     'The  VtaXhet  wasVw  y^iyts.  t-mq 
is  ooied  through  tew^i^BAwwMl 
rhe  end  of  "."No.,"  ^-^SST* 


i:.,.:.;.v,  Buff 

Pig,  6},— M.i--  ■ 


tly  attached  to  the  irmwerxd  ol  Oww»*A»i»*i»v 


(dWU 


OUTSIDE  DISTRIBUTION 


progresses.  The  wire  is  used  to 
the  drawing-in  rope  which  is  used  to  pull  in  Ihe  cable. 
;ingle  duels  furnished  by  some  manufacturers  are  provided 


Lie  and  female  ends  which  a 


n  aligning  Ihe  ducts. 


-JEJ—£3U^jZJZJT~r~t 


-j>rr 

:rr. 


,  '.rr  rr 
>rrrr. 


;-rrr  r'rpi 


Pig.  67.— SrctL. 


Itiple  duct. 


Fee.  66. 


g  Multiple  Duct.— Multiple  duct  Is  laid  in  about  the 
single  duct.  Fig.  67  shows  sections  of  multiple-duct 
ileces  are  lair!  end  In-end  and  the  joints,  if  there  is 
ne  tier  in  the  subway,  are  broken.  The  pieces  are 
n  alignment  by  iron  dowel  pins  or  keys   (Fig.   68) 


it  in  holes  in  the  pieces.     All  joints  are  wrapped  with  pieces 
ap  or  coarse  muslin,  4  in.  wide  and  3  It.  Vm?,  vot  (lAm«. 'Cit, 
ir,-  mvistcned  to  make  them  slick.    1\iey  Me  xiwi  «ia\e&. 
neat.     The  cloth  prevents  the  enl.ra.vice.  ol  cement  «t  wro.- 
a  the  ducts, 
mes  a  raandreJ  (Fig.  65)    \  in.  to  \  m.  sroa&s*  -Coaa  "" 
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hole  is  drawn  through  as 

in  Fig.  66,  lu  insure  alignment  of  the  pieces.     The  handle 
mandril  should  be  long  enough  to  reach  hack  two  joints 
one  may  be  sure  that  the  last  three  pieces  set  alt 
have  become  displaced  in  setting. 

After  the  pieces  are  set,  be  careful  that  they  a 

HfeiAf  *&-*-  prior  to  depositing  the 

*3*v,<wj' *    jacket.      The   ducts  shou 

I  '""'J  |     c'eanetl  out  after  the  c 

L      -         :  M^^^^^^^^^    jacket  has  been  placed  by  or    t 

^^^^^>>^^^^^^^^     ing  a  wire  brush  or  flue  cleaMT 

^■7*r«&*-Atf-'  (pjg.   69)    through    them.   Tk 

Fig.  68. — Steel  key  for  multiple  ■]■.:..'..     brush  is   somewhat    bigger  tlu:, 

the   duct    hole.      Sometime  1 

metal  scraper  (Fig.  69)  is  also  used. 

Multiple  duel  lias  lnvn  laid  ivil.he.ut  any  concrete  casing,  merely 
a  concrete  bed,  as  suggested  in  Fig.  70.  This  construe!!™  '■ 
economical   in  first  cost  but  is  apt  to  give  trouble  through  settling 


of  the  earth  or  displacement  due  to  future  exc; 

boards  are  sometimes  laid  on  top  of  a  conduit  run  to  protect  agains 

laborer's  picks.     Experience   has  shown  that  the  average  labore 

will  stop  when  his  pick  strikes  a  board  but  he  will  pick  his  wa 

through  concrete  or  duct  material. 

Multiple-duct     conduit    can    be 

carried    around    obstructions,  as 

shown  in  Fig.  71,  by  beveling  the 

ends  of  the.  pieces,     If  the  turn 

is  too  short  it  may  be  difficult  or 

impossible  to  "rod''  the  duct  and 

to  pull  the  cable  in. 

82.    To  cut  vitrified  conduit  a 
groove    is    chipped     completely 
around  the  piece  on  the  line  at 
which  it  is  desired  to  cut  it.     A 
hammer  and  cold-chisel  are  used 
for  chipping  the  groove.     Usually 
it  will  break  oil  on  the  chipped 
Hne  after  continue.!  chipping,  but  it  may  not.     Some  experience 
required  before  one  becomes  skillful  at  this  work.     Short  lengtf 
ca.n  be  furnished  by  the  conduit  manufacturers  and  their  use 
recommended, 
8j.    In  installing  iron-pipe  conduit  t: 


Itiple  duct 
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;ary  if  only  one  duct  is  involved.  Where  there  are 
"  run,  the  ducts  are  sometimes  laid  on  a  3-in. 
:e  and  concrete  is  tamped  between  and  around 
cts  as  shown  in  Fig.  64  for  single  vitrified  duct.  Where 
cts  will  not  be  exposed  to  the  dangers  of  future  excavation 
it  of  the  concrete  is  probably  not  justified.  Iron  pipe  is 
audly  in    20-ft.  lengths.    Joints  between  adjacent  lengths 


dc  witb,ordinary  pipe  coupling.  (Tig.  fir,  A.)  See  Index 
tensions  of  conduit  ami  tiuin.-s  which  are  the  same  as  those 
;.  The  burrs  at  the  end?  of  pipe  lengths  must  he  carefully 
d  to  prevent  damage  to  the  cable.  Where  it  is  incon- 
.  to  use  a  coupling,  a  pipe  union  can  be  used  instead  or  the 
can  be  omitted  (h'ig.  72)  and  the  abutting  ends  encased 
jck  of  concrete.  The  ends  should  be  wrapped  with  a  piece 
i    wired    in   posilion    before    the   concrete    is   applied. 


npipc. 


pe  for  conduit  i=  someiinn.-5  palmed,  inside  and  out,  with 
um,  but  this  is  nol  considered  necessary  by  ail  engineers. 
Concrete  for  conduit  work  should  be  clean,  that  is,  foreign 
ices  should  not  be  per  mil  led  I"  enter  inio  its  com  position. 
■urface  on  which  it  is  to  lie  mhed  is  not  smooth  and  ttaaxi, 
bo-.irda  or  puna  should  be  Used.  FoieVi.n  v.yjYc^vx*.  \mi\v.\wi 
agth  of  concrete  and  it  becomes  porous  ami  \e&V^  .    'faa 
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should  be  mixed  from  Portland  cement,  clean  sand, 
gravel  or  broken  stone,  in  the  proportions  by  volume,  of  one  pis' 
of  cement  to  three  parts  of  sand  and  6ve  parts  of  gravel  i 
Just  sufficient  water  should  be  used  to  thoroughly  wet  the 
and  to  permit  a  small  amount  of  water  to  come  to  tht 

when  the  concrete  is  tamped  into  final  position.    The  _ 

sand  and  stone  should  be  "turned"  on  the  mixing  b  ■ 
three  times  dry,  and  at  least  twice  after  welting,  'I  i. 
should  be  placed  immediately  utter  mixing.  When  the  concret! 
has  been  placed  in  the  lreni'1],  several  hours  should  be  allowed 
for  it  to  take  its  initial  set  before  the  trench  is  filled  in.  This  Is 
necessary  to  prevent  throwing  the  ducts  out  of  alignment,  a 
fracturing  the  "green"  concrete. 

85.  Cost  of  Laying  Vitrified  Conduit  Per  Lineal  Foot  ill.  C. 
Spellman,  The  World,  April  7,  igio). — Cost  includes  conduit,  <B 
cavation,  refilling,  removal  ami  replacement  of  pavcmenl  :ni-l 
3-in.  jacket  of  concrete  on  all  four  sides  of  the  conduit  line,  h 
fact,  the  figures  shown  are  total  costs  for  a  complete  subway  run. 


.aphalt 


Cedar 


IS 


86.  Manholes  are  necessary  in  a  subway  system  to  permit  <i  . 
the  installation,  removal,  splicing  and  rearrangement  of  the  cables. 
A  manhole  is  merely  a  subterranean  vault  or  masonry  chamber 
of  sufficient  size  to  permit  of  proper  manipulation  of  the  cables. 
The  conduits  enter  the  vault  and  on  Vis  si&ik.  <Vm\cts  we  -ssiin^*1 
whereby  the  cables  within  the  mauWAc  t'.vn'oe  to^kS**. 
87-  The  location  of  manholes,  ta  Art«w™i\«^  y^ >Wv, 
out  of  thv  districf  (hat  is  to  be  aupp\«4  ^jSttJES 
*  branch  or  lateral  extends,  from  fee  «»*•  w&»«3  vw»~* 
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a  manhole,  and  there  must  he  manholes  at  intersections  of  sub- 
ways. In  general,  cables  are  nol  made  in  length*  exceeding  from 
400  ft.  to  600  ft.  and,  as  it  is  necessary  10  locale  splices  in  man- 
holes, the  distance  between  ma  pi  link's  laiiiiot  ex  coed  these  values. 
Furthermore  it  is  noL  advisable  to  pull  in  very  long  lengths  of 
Cable  because  the  media  ni'  ill  si  lain  on  tin-  i-oin  hie  tors  and  sbeath 
may  then  become  too  great  during  the  pulling-in  process.  It  is 
recommended  that  manholes  be  located  not  more   than  500  ft. 


88.  Manholes  are  made  of  many  shapes  and  sizes  to  meet 
the  ideas  of  the  designer  and  tu  satisfy  local  conditions.  It  is 
established,  however,  that  the  form  shown  in  f'ie  7 ;  is  best  for  the 
average  condition.  Where  there  are  obstacles  about  the  point 
where  a  manhole  is  to  be  located,  the  form  of  the  manhole  must 
be  modified  so  as  to  avoid  them.     The  totm  ii\ip^ni\m'4\™^  ot. 

ellipse  is  used  so  the  cables  will  not  be  abru^t-V,'  \je\Y\.m  \jmksb% 

Item  around  the  manhole. 

8g.     Manholes  are  built  of  either  brick  Ot  wmctetft ,  ox  o\W 
these  matcnals.      Where  many  manholes  ate  to  \>e  \w»*-  <*  « 
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size  and  there  are  no  subterranean  obstructions,  concrete  is 
the  cheapest  and  best  material.  But  where  only  3  few  ai 
constructed  or  where  there  are  many  obstructions  a  manhole  with  1 
a  concrete  bottom,  brick,  sides,  and  a  concrete  top  is  probably  lot  I 
best.  Such  a  manhole  can  be  constructed  without  having  to  wail  1 
for  concrete  to  set  before  forms  can  be  removed  and,  furthermore.  I 
no  forms,  except  some  planks  to  support  the  top,  are  necessary  I 
90.  The  size  of  manholes  will  vary  with  the  number  of  cahks  | 
to  be  accommodated,  but  in  any  case   there  must  be  sufficient  | 


to  work  in  the  manhole.     A  5  ft-  by  7  ft-  manhole  (Fig.  . 

>bably  as  large  as  will  lie  required  in  isolated  plain  work,  whi 

3  ft.  by  4  ft.  manhole  (Fig.  75)  is  about  as  small  as  should  b 

icrefe  manhole  is  built  Y>v  fcts\  >V;»« **  cm,a^£ 

(FiK.    74'    *nd    then    ,re,U,v,    i\„    W™  ^    ^  /,  .      ./. 

self-supporting  soil  the  sides ^to'  ™J\  ^^ 
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>rting,  an  outer  form  of  rough  planks  must  be  made  which  is 
iually  left  in  the  ground.  Steel  reinforcing — old  rails  are  good — 
ust  be  placed  in  the  concrete  top  of  a  large  manhole.  In  a  small 
anhole  the  manhole  head  or  cover  will  extend  over  the  side  walls 
id  no  reinforcing,  or  manhole  roof  for  that  matter,  are  required. 
II  reinforcing  steel  should  be  completely  encased  in  concrete  to 

02.  A  manhole  with  brick  walls  is  built  (Fig.  73)  by  first  de- 
biting the  concrete  floor  and  then  building  up  the  brick  waits 
lereon.     Where  the  manhole  is  large  the  roof  can  be  of  either 


fcg=Jgt 

"^*:'L^. 

v-^1 

rw*-xf 

t::.i=*e*- 

.-■-j 

-_        Section  rfMonhoJe  Head 

wWitvM 

Fig.  it.— Head  for  large  manholes. 

eel-reinforced  concrete  or  brick  set  between  rails.     Probably  for 
stallations  where  only  a  few  manholes  are  to  be  built  the  bcick- 
■tween-rails  method  is  the  best.     For  a  small  max&u&e  Tin  mass 
>lis  necessary  as  the  cast-iron   manhole  bead  Iottos.  vVt 
j.    Distribution  or  service  boxes,  so  called,  ■wVic'ft  ««  *w-v 
U  manholes,  often  serve  the  purpose  oi  and  can  \m  wA-VsaM 
■»«-  vaults  in  industrial  and   isolated  pYauX  \«a,\a\\*.>:wma.- 


3, 
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design  Eur  a  concrete  service  bos  is  shown  in  Fig.  76.  A  bi 
one  would  be  of  approximately  the  same  dimensions.  The  di 
pressions  in  the  side  walls  are  sleeve  pockets.  The  splicing  sleei 
on  the  cables  lie  partially  in  these,  after  installation,  and  then 
fore  less  of  the  valuable  v.  orkins:  ^pacc'"!'  the  box  is- occupied  by  lh 
In  spite  of  the  fact  that  a  square  manhole  cover  can  fall  into 
hole,  heads  with  square  covers  are  often  used  for  distribati 
boxes  so  as  to  provide  an  orifice  giving  maximum  working  rt 
94.  Manhole  heads  are  frequently  made  of  cast-iron,  h 
steel  is  belter.     Fig.   77  shows  a  design  ior  cast-iron,  for  a  large  1 


I*..-"    3'7i:    -JM. j 


%-Vtefo/nlt*mcMcerae#ib 


Enlarges  SKlton  of 
TopCo^r. 


manhole,  and  l-'if».  78  one  for  a  srn idler  manhole.  Covers  should  be 
round  so  that  tbey  cannot  drop  into  (  ho  bole.  So-called  water-tight 
covers  are  now  seldom  used  as  it  is  not  feasible  to  make  a  satis- 
factory water-tight  cover  at  reasonable  expense  and  water  gets 
into  the  manholes  in  any  event.  Covers  should  not  be  fastened 
down  because  if  they  are  and  accumulated  gas  in  a  manhole  ex- 
plodes, the  vault  will  be  shattered.  If  the  manhole  tends  to  fill 
with  gas,  holes  should  be  made  in  the  cover  lot  v<ml\\a.lW.  Qirt 
and  water  will  get  into  the  hole,  but.  tk  4irt  can ^e  A«saxi*&. a*. 
and  the  water  will  drain  out  and  no  harm  vnSi  wka&I-  "V\  vctftAa.- 
jAm  is  not  provided  an  explosion  oi  Eb.s  uva-v  «*»*  ^  io  W* 
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>raining  Manholes. — Where  feasible,  a  sewer  c 
ad  from  the  bottom  of  every  manhole.  (See  Fig.  74.)  The 
;  the  trap  should  be  protected  by  a  strainer,  made  of  non- 
re,  such  as  that  used  for  leader  pipes.  Where  a  sewer 
nnot  be  made  there  should  be  a  hole  in  the  manhole 
that  water  can  drain  out.  A  pocket,  filled  with  broken 
ler  the  hole  will  promote  effective  drainage.     (See  Fig.  75.) 


it  the  point  where  a  conduit  line  enters  a  manhole  the 
auld  be  chamfered  off  as  shown  in  Fig.  79  to  prevent  the 
that  might  occur  if  a  cable  is  bent  over  a  sharp  corner. 
L  manhole  hook,  a  convenient  tool  fur  removing  manhole 
shown  in  Fig.  80.    A  common  pick  can  be  used,  but  the 


dement  mortar  for  building  brick  manholes  or  for  conduit 
tion  can  be  made  by  mixing  together  1  part  of  cement  and 
•f  sand  and  j/inut  \  pari,  of  water,  all  by  \o\\Kt\e. 
1  Installing  cables  in  conduit,  if  a  puWm   wtt  ■was.  wft 
1/  the  time  Ike  duels  were  placed,  the  c.cmdi»V  \&  vA*s&i 
>irc  or  the  drawing-m- cable   is   drawn  0\i<M.^n, 
hrough  and  then  the  cable  is  drawn  in. 
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i.  Rodding.— Rods  are  pieces  of  round  hickory  about  3  in. 
Samcter  and  3  ft.  long.  (See  Fig.  Si.)  The  ends  of  the  tod* 
Equipped  with  brass  Lni.ukk--j.iiin  linings  so  the  rods  can  be 
Sly  joined  together  and  disjoined.  In  rodding,  a  rod  is  pushed 
the  duct  and  a  second  rod  is  coupled  to  it.      The  two  are  pushed 

the  duct  and  a  third  rod  joined  on  and  the  process  is  repeated 
1  the  rods  extend  from  manhole  to  manhole.  A  galvanized- 
Iwire  is  attached  to  the  last  rod  and  the  wire  is  drawn  into  the 


rope  or  flexible  sled  cable  to  which  are  attached  a  scraper  and 
ush  (Fig.  69)  is  drawn  through  to  insure  that  the  duct  is  clear 

clean.  To  the  end  of  this  rope  or  cable  another  is  attached 
:h  is  used  to  pull  hi  the  electrical  conductor  cable. 

here  the  conduit  is  short,  a  steel  fish  wire  or  ribbon,  like  that 
.  by  electricians  in  wrought  -imii  cutirtuiE  work,  can  be  inserted 
:ad  of  the  rods.  Sometimes  a  "  fish  "  made  of  lengths  of  flex- 
bamboo  is  used  instead  for  laterals  and  other  short  runs. 


03.  Pulling  in  Cable.— The  cable  can  be  attached  to  the 
ling-in  wire  by  any  one  of  several  methods.  Fig.  82,  C  shows 
:  that  was  formerly  much  used.  Probably  the  best  methods 
those  illustrated  in  Fig.  S3,  A  and  B.  At  A,  a.  galvanized  iron 
e  is  laced  around  the  table  in  audi  a  way  that  the  harder  it  is 
led  the  tighter  it  grips.  At  li  is  shown  a  "grip"  spirally  laced 
m  flexible  steel  strands.  It  slips  uvrr  ihe  cable  sheath  readily, 
:  when  tension  is  applied  it  effectively  grips  the  cable.  A  swivel 
mid  always  be  inserted  in  any  pulling-in  line  to  prevent  the  un- 
isting  of  the  drawing-in  line  under  tension  from  twisting  \Jsa 

fter  the  cable  is  fastened  to  the  pulVmg-in  Vine  a.  "pxaVsAfti" 
\ced  in  the  mouth  of  the  duct  to  prevent  abrasion  'A  *m  csW.e. 
protectors  can  be-  purchased,  but  a  Rood  one  can. \ic lo"* 
^J>*x*  of  sole  leather 
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The  cable  is  bent,  as  shown  in  Fig,  83,  from  the  cable  reel 
mouth  of  the  duct  and  the  pulling  in  commences.  In  the  far: 
hole  sheaves  ate  arranged  over  which  the  pulling-in  line  pi« 
(See  Fig.  83.)  If  eye  bolts  were  built  in  the  manhole  side!  ihr 
sheaves  (snatch- blocks)  can  be  fastened  to  them.  Othcrwitl 
nuide-dieeve-rack  (see  Fig.  84  for  detail  and  Fig.  83  for  appiki 
tion)  can  be  set  up  in  the  manhole. 


i.  Sj— Dnv 


,;.!.-,   ■ 


A  winch  or  horses  can  be  used  for  the  pulling.  Men  can  pad 
a  cable  in  if  the  run  is  not  too  long.  The  cable  sheath  should  btl 
greased  as  it  is  drawn  in  to  insure  easy  pulling.  Where  a  lengtll 
of  cable  longer  than  the  distance  between  manholes  is  to  be  pulleil 
through,  it  can  pass  over  the  sleeves  on  the  guide  sleeve  radj 
provided  they  are  large  enough  in  diameter.  A  cable  should  n*I 
be  bent  to  any  radius  smaller  titan  10  limes  its  diameter.  A  nn*l 
hole  capstan.  Fig.  85,  is  sometimes  used  instead  of  a  winch  on  Lhe  I 
surface  of  the  ground.  Enough  cable  should  be  pulled  into  tl#l 
manhole  to  allow  for  forming  it  around  the  hole  and  splicing  ill 
Do  not  permit  a  cable  to  hang  over  the  sharp  edge  of  a  duct.  Sup-1 
port  it  in  the  rack. 


104.     Supporting  Cables  in  Manholes. — Some  provision  mult 

be  made.     Creosoted  planks.   Fig.   86,  are  sometimes   boiled  to 

the  manhole  siilcs  anil  the  aiU™  ak  heM  t'i  the  cleats  with  pipe 

straps.     In  other  cases  melaV  sunpotVs  axe  uwA.  scnui^  W™>4 

which  arc  on  the  market.     One  vhax.  can  Y>*  Kaflfci  -ntt^e^*** 

''"   Fig.   S7.     Shelves   around   Vta  «d*»  <***  "^JSS 

formed  of  bricks  as  shown  in  F*.  &&■     f*»  «  ^  «"*»* 

probably  the  best  method. 


MMIME! 


Pic.  S7~Iroa  cat^  s 
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105.  Eyebolts  or  stirrups  should  be  set  in  manhole  wabj 
provide  means  of  attachment  for  the  tackle  used  in  pulling  in  1 
(Fig.   88.)    An  cyebolt  or  stirrups  should   be  set  opposite 
point  of  entrance  of  each  subway.    Fig.  89  shows  the  dimensb 
of  a  suitable  stirrup. 

106.  Several  Cables  Should  not  be  Placed  in  One  Duct- 
perience  has  shown  that  while  it  is  easy  enough  to  install 

Manhole 
Head 

\Condvrt5 


Longitudinal  Section. 


Transverse  Section 


Fig.  88. — Cable  shelves  of  brick. 


under  such  conditions  and  mechanically  easy  to  withdraw  them, 
the  removal  almost  invariably  ruins  the  cable,  because  after  long  I 
lying  in  a  duct  the  cables  become  so  impacted  with  dust  and  grit  ] 
that  when  one  is  drawn  out  the  sheath  is  either  stripped  from  the 
cable  itself,  or  from  one  of  its  companions.  Consequently  con- 
duits arc  now  almost  exclusively  built  by  arranging  a  sufficient 
number  of  ducts  so  that  each  cable  may  have  its  own  exclusive 
compartment. 


!< 10 

j    Tc  be  Made  of  Wrvught  h 


Plan. 


[t::z: 


3V- 


■-•nfo 


Side   Elevation. 
Fig.  89. — Stirrup  for  manhole  wall. 


107.    In  manholes  and  ducts  cables  should  be  so  arranged 

that  there  will   be  a  minimum,  oi  ctos&\t\%  «xA  tcktosssk^.  Vs 

underground  cable  system  should  be  caxel^NW  #»^  *J^  ^ 

duels  should  be  so  chosen  ior  the  cab\es  ^*m^J^^ 

a  cable  will  take  the  duct  in  the  same  i^Uvt^tmto^ 

he  subway. 
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IGN  OF  DISTRIBUTION  INSTALLATIONS 
In  designing  an  installation  of  conductors  for  the  dis- 
■n  of  electricity  thcie  is  no  royal  road.  It  is  rather  a  "cut- 
"  process  and  frequently,  for  a  reasonably  large  installation, 
entative  lay-outs  must  be  made  before  the  most  suitable 
ound.  The  design  of  such  lay-outs  is  affected  by  so  many 
>ns  that  only  the  most  g-ncral  suggestions  can  be  given, 
the  information  on  distribution  in  the  "Fundamentals" 
of  this  book. 

In  laying  out  any  electrical  distribution  system  the  first 
the  system  is  of  any  consequence,  is  to  note  on  a  scale 
the  territory  to  be  served,  the  locations  at  which  electricity 
required  and  the  amount  of  power  that  will  be  taken  at 
In  general,  each  building  in  the  area  to  be  served  is  con- 
as  a  unit  as  it  is  seldom  advisable  to  install  more  than  one 


to  a  building.  Fig,  go  shows  such  a  lay-out  for  an  imagi- 
lduslrial  plant  and  Fig.  91  for  a  portion  of  a  town.     The 

within  the  circles  indtcaie  the  maximum  power  demands, 
bovc  the  horizontal  line  is  the  power  demand  in  kilowatts  and 
ue  below  the  line  is  the  current,  the  power  factor  being  con- 
,  if  the  system  is  to  be  alternating  current.  If  separate 
1  are  to  be  maintained  for  light  and  for  power,  which  is 
iraclicc,  the  power  demand  for  c;u  li  circuit  should  be  noted. 

illusl  ration.-  .  l'i;/s.  <;o  and  01  i  it  is  assumed,  for  simplicity, 
twer  and  lighting  devices  arc  served  from  the  same  circuits, 
irrent  is  noted  in  addition  to  the  power  demand  because  it 
issary  to  know  the  current  to  determine  the  capacities  of 
nil  n»-itt:he*  an  J  In  check  conductor  si/.c.s  \ur  cuttnYCc-<iiCfW\w;, 

Lay-out  of  Feeders  and  Mains.— Mler  V\\cWaVv>ve.<&  *>* 
here  energy  will  be  required  have  been.  p\oV\.e&  a.vA  vae 
"  P°wer  lh*t   will   be   required  at  each  \ias  \>ee&  &**" 
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the  feeders  ami  mains  can  be  laid  out  and  the  conductor 
them  calculated.  No  hard  and  fast  directions  can  b 
Each  case  must  be  I  realm!  individually  in  accordance  with 
dilions  to  be  satisfied.  The  desideratum  is  to  so  plan  Ihi 
that  the  cost  of  the  conductors  anil  their  supports  will  be 
mum  and  that,  at  (he  same  time,  the  energy  loss  in  the  co 
will  be  reasonably  small,  and  the  whole  system  will  be  a 
in  operation  and  the  voltage  regulation  will  be  as  close  as  o 
warrant.  Sometimes  considerable  expense  is  justified  i 
reliability  and  close  voltage  regulation,  but  in  other casesi 
and  close  voltage  regulation  are  unimportant  and  the 
lay-out  that  will  give  service  is  the  most  desirable.  Wh 
distribution  conductors  are*  to  be  carried  overhead — on 
buildings — or  underground  will  affect  their  routing. 
f^4>s  t 


(iS-,1 


in.  The  magnitude  of  load  that  should  be  served 
feeder  or  main  is  allou'tllier  a  relative  mailer  and  depe 
extent  upon  the  llevilelity  of  control  and  of  metering  di 
on  the  station  capacity.  In  industrial  plant  installatioi 
desired  to  meter  in  the  generating  station  the  energy  su 
different,  departments  or  buildings,  obviously  an  individt 
must  be  carried  from  the  switchboard  to  every  such 
It  should  be  possible  to  disconnect  portions  of  the  load  at  the 
house,  in  case  of  trouble  with  the  generators  or  in  case 
load  increase  is  thrown  suddenly  on  the  station,  to  tide 
emergency  without  shutting  down  the  entire  plant, 
in  a  small  station,  the  load  on  any  feeder  should  not  he 
can  be  readily  carried  by  any  one  <A  tW  ftenetM-msr, 
is  better  to  Have  the  load  further  ■su\.dVj\4e&.  "Vlsai 
<AVjefcjsi(scJ/nrtluralIvinlr.ctmveraent\m\Vs^ctaiiwAa* 
"  ir  of  buildings,  groups  of  buildings,  depart-menM.  ox 
'  or  commercial  considecauoua. 
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112.  Mains  are  Sometimes  Tapered. — A  tapered  main  is  one 
which  the  conductor  size  diminishes  from  the  point  uf  source 
energy  outward.  (See  Fig.  92.)  It  is  usual,  and  ordinarily 
e  best,  practice  In  use  a  main  of  1.  Ill1  same  size  mini  in  tor  throtifih- 
.t  its  length.  Splices  and  intermediate  cut-outs  arc  thereby 
oided.  Theorel  icnlly,  a  fapcring  main,  assuming  a  given  maxi- 
11m  drop,  (iocs  not  effect  a  savi-iM  in  nipper  as  is  often  but  ertone- 
s)y  believed.     See  Croekers,  Electric  Lighting,  Vol.  I,  page  32. 


113.  The  calculation  of  wire  sizes  for  feeders  and  mains  for 

tribution  installations  are  made  similarly  to  those  for  interior 
cuils.  Methods  and  examples  of  calculation  for  the  different 
items  arc  given  in  the  "Fundamentals"  section  of  this  book. 

114.  Overhead  vs.  Underground  Distribution. —Whether  an 
srhead  or  underground  distribution  should  be  used  depends  in 
;  case  of  small  or  medium-sued  installations  very'  largely  on  how 
ich  can  be  spent  for  appearances.  An  overhead  system,  properly 
killed,  enn  be  made  thoroughly  reliable  and  will  usually  cost 
ich  less  than  an  equivalent  underground  system.     Sometimes  in 


llll,1!  ;l  .1    llllli;   .1  I      ■  .   .    .     ,;|.I 


lustrial  plant  work  it  is  necessary  to  build  subways  for  pipes  in 
y  event  and  when  such  subways  can  also  be  utilized  lor  electrical 
iduciors  a  low  Installation  cost  may  be  possMs. 
13.     If  the  distribution  conductors  are  to  \ae.  tartwi  ismAss- 
mrf   in    conduit    it  is  necessary  to  group  tbs  rasa  lxvyaVax  ^ 

s  suggested  in  Fig.  92,  .4,  to  insutt  m\n\munic.Q&\.v*.« 

id  mx  n luilpc 


a  and  manholes. 


". 
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16.  If  the  distribution  conductors  are  to  be  carried  overhead, 
direct  routes  can  be  selected,  as  with  overhead  distriluili.ir 
conductors  can,  in  industrial  plant  work,  be  carried  over 
ings  in  the  most  direct  routes. 

ii8.  A  combination  main  feeder  or  other  circuit  is  on 
serves  all  energy  consuming  devices,  motors,  lights  and 
miscellaneous  equipment. 

no.  An  independent  main,  feeder  or  other  circuit  is  or 
serves  only  motors  and  similar  equipment  or  only  lighting  devi 

120.     Independent  vs.  Combination  Circuits  for  Lights  and 
Motors. — One  of  the  first  things  to  be  decided  is  whether  im" 
ual  circuits  from  the  switchboard  out  will  be  used  for  lighting 
for  motors.     It  is  desirable  to  use  independent  circuits  bf 
it  is  then  possible,  at  reasonable  expense,  to  maintain  a  much 
voltage   regulation,   hence   steadier   illumination    >n   the  light 
circuits.     Furthermore,  since  troubles  such  as  heavy  short 
and  grounds  occur  more  often  on  motor  circuits  than  on  li.'hiii.? 
the  possibility  of  such  troubles  throwing  a  building  or 
with  independent  motor  and 
lighting 


131.  Mainland  feeder  lay-outs  for  industrial  plants  are  shown 
diagrammatii'ally  In  Figs,  93  to  on.  While  these  apply  principally 
to  industrial  plant  installations,  the  principles  involved  are  the 
same  as  for  iiiuiiiripisliry  elect  ricky  distribution.  However,  be- 
cause of  the  different  conditions,  municipality  distributions  are 
handled  somewhat  differently.  In  these  diagrams,  which  illus- 
trate principles  rather  than  actual  installations,  A,  B,  C,  D,  etc., 
represent  the  buildings  in  an  industrial  plant.  A  single  line  repre- 
sents an  entire  circuit,  two  wires  for  a  direct-current,  two-wire  cir- 
cuit; three  wires  for  a  three-wire  circuit,  etc.  The  diagrams 
apply  to  any  system  of  distribution.  The  service  wires  from  the 
distributing  circuits  enter  the  buildings  and  terminate  in  distribu- 
tion boxes — panel  boxes  or  groups  of  cut-outs.  From  the  dis- 
tribution boxes  the  interior  molar  and  liiditinj;  .  rr.uits,  which  are 
not  shown,  are  supposed  to  radiate.  Voi  miarmMino  ixt^arding 
the  lay-out  0/  in  (titer  wiring  circuits,  relet,  M>  ttit  udtaa  o\ilwoi» 
H'lnng.     See  Index. 
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n  for  lighting  and  motors  (Fig.  o,jl  o 
c  used  where  the  installation  must  be  of  minimum  expense. 
n  the  illustration  a  single  main,  which  may  be  either  carried  under- 
rounrl  on  poles  or  on  lixtures  attached  to  the  buildings,  extends 
com  the  switchboard.  Service  connections  are  [appeal  from  the 
aain  for  each  building  or  group  of  buildings  and  are  terminated 
t  a  distribution  box — a  panel  box  or  a  group  of  porcelain  cut-out 
it  tings— within  the  buildings.  Since  the  service  conductors  will 
^-Buildings. 


te  smaller  than  the  main  conductors  u  cut-out  and."  preferably,  a 
witch  are  inserted  in  each.  The  only  (iiiiij:  to  commend  a  lay- 
iut  like  that  of  Fig,  93  is  its  low  first  cost.  With  such  a  lay-out 
he  voltage  regulation  on  the  lighting  circuits  is  apt  to  be  bad  and 
ground  or  short-circuit  on  any  circuit  may  put  the  entire  plant 
>ut  of  commission.  With  ink  arrangement  the  station  operator 
las  no  Control  over  the  use  of  (lie  power  and  if  he  wishes  to  de- 
ircase  the  load  on  the  generators  by  cutting  off  certain  portion 
if  the  plant  he  has  no  means  of  doing  so.  It  is  an  example  of  "all 
il"  i  lie  eggs  in  one  basket." 


Pgggfg 


Independent  mains  for  lighting  and  motors  (Fig.  95)  are 
es  used.  This  is  a  better  arrangement  than  that  of  Fig. 
that  the  lighting  circuits  are  entirely  separate  from  the 
'ts.  But,  if  many  lights  or  many  motors  are  served 
n,  trouble  is  apt  to  occur.  FurtYiei'mo'ce,  Vl  Vs.  -q.« 
tin  1  ml  the  power  supply  oi  each  \j\AriUYg,  \taia  4 
distributing  station. 
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124.  Combination  Mains  Serving  Groups  (Fig.  q6), 
a  modification  of  a  single  combination  main  lay-out  anc 
times  used  and  is  permissible  in  certain  instances  whet 
stallalion  cost  must  be  low.  It  is  better  than  a  single  coi 
main  arrangement,  bus  is  nol  very  good  as  no  arrangcoic] 
where  lights  and  motors  are  fed  from  the  same  circuit,  1 
motor  load  is  relatively  unimportant.  The  station  opt 
some  control  over  his  load  and  the  load  is  sufficiently  sec 
so  that  all  "eggs  are  not  in  one  basket."  Fig.  94  show 
example  of  combination  n 


125.  Independent  Mains  Serving  Groups  (Fig.  97).- 
fairly  good  arrangement  if  the  groups  are  not  too  1 
possible  disadvantages  are  that  with  it  it  is  not  feasible 
the  energy  to  each  unit  in  the  group  at  the  generating  s 

is  it  possible  to  disQimu'i.t.  eai'h  unit  from  the  generatir 
These  are  not  always  disadvantages.     Such  an  arrange! 


136.     Combination  feeders  (Fig.  oS)  possess  theadvan 

the  load  is  well  divided — "few  eggs  in  a  basket" — and 

feeder  circuit  can  be  readily  controlled  and  metered  at 

ruling  station.     But  they  possess  the  disadvantages,  air 

merated.  that  always  obtain  where  lighting  awYra-wsa  v 

ore  served  bv  the  same  circuit.     As  a  geoetua  ?w?oa< 

Jay-out  is  not  to  be  recommended,  though  it  ™*  ««« 

=n«re  where  the  conditions  arc  not  exactvng. 

«/-     Individual   feeders    tFig.   9O   P'DVUie 


r 
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'easons   that   have  been  suggested  in  preceding  paragraphs. 

seldom  that  it  is  advisable  to  run  a  feeder  to  every  building 

group.     A  combination  of  the  methods  of  Figs.  07  and  90.  is 

nally    used.     Individual    feeders   arc   carried    to   the   principal 

likliii!:-.  anil  mains  are  arranged  on  the  group  plan  to  serve  the 

lildlngs  having  small  loads. 

118.  A  direct-current,  two-wire  distribution  is  seldom  used  for 
15*  installation  except  a  small  industrial  plant.  The  voltage 
ay  be  cither  no  or  220.  If 
est  of  the  load  is  lighting  no 
>Its  may  be  used.  But,  if  the 
ad  is  of  any  consequence,  the 
inductors  will  be  very  large  fur 

volts  hence  220  is  more  often 
ied.    The  feeders  and  mains  in 
idustrial   plant   can  be  laid 
1  accordance  with  any  of  the 
icthods  of  Figs.  03  to  00  hut,  as  " 

uLlinert  in  connection  with  those  Flu-  ,"7„51tl™"' 
lustrations,  the  methods  of  Figs. 

)9  are  to  be  preferred.  See  the  First  Section  for  informa- 
1  regard  to  the  disadvantages  of  operating  incandescent 
amps  at  any  other  voltage  than  110.  If  a  direct-current  two-wire 
ystem  is  used  for  a  municipality  the  feeders  and  mains  can  be 
tlili  out  somewhat  as  suggested  in  Fig.  100. 

119.  Direct-current,  three-wire  distributions  are  frequently 
tsed  in  industrial  plants  where  there  arc  many  adjustable-speed 
nntors  for  machine  tool  drive  and  the  like.  Direct-current,  three- 
•fe  distributions  are  also  sometimes  used  in  small  municlpalil  ies. 


J  L,     UU,. 

-.,;, 

11V1  , 

□c 

^■>.'.-,&.- .-..;■ 

[i  'n«-1- 

1  ■:.,,, 

1     'II 

neither  case  the  voltages  are  almost  invariably  1 10  and  220.     The 
est  method  for  an  industrial  plant  is  s n chested  in  Vvf,.  ioa  vrt\ja*m. 
psrate  feeders  are  tamed  from  the  switchbrevtd  \o  ewSiYraKiSeNS, 
group  of  buildings  [or  lighting   and  tot  pones   ■scfAtt.    T?**' 
itiair  feeders  ore  three-wire  ao  that  the  mcandtscen\.\a.wi^c.Mi.\*: 
atedat  no  volts.     The  motor  feeders  ate  MMS&tf   «■>  ?<*£ 
£W  unless  some  scheme  of  motor  speed  couXK* »  ^^  * 
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requires  ill  three  wires.     In  municipalities,  since  the  load  is 
mainly  lighting,  all  feeders  and  mains  are  three-wire  ud  11 
out  as  suggested  in  Fig.  100.     This  represents  the  u 
a  small  town  or  that  in  one  of  several  similar  districts  of  a 
130.     Single -phase,  alteroating-ctnTent,  high-vorrage 
"    is  are  seldom  used  in  industrial  plants,  but  are  often  as 
nicrpalities.     The  voltage  is  usually  2,100;   1,100  was  t 


_J  ligpftU^ift!  «i    _ 


e  popular,  but  was  found  to  be  too  low  [or  economy. 

nkipllity,  a  feeder  on  be  installed  to  serve  each  distrid 

x>)  and  an  automatic  potential  regulator  can,  if  necessary, 

o  the  feeder  and  so  arranged  to  maintain  the  voltage  n 

jt  of  distribution.     If  bo  regulator  is  nsed  the 

fbt  connect  into  the  nearest  point,  as  .4  (Fig.  100'  at  theai 
a  system.     Consumers  are  served  through  trwsforaKR 


t  the  voltafe  (sec  Fie.  t 

- 
K  «  farafftrrr  szoaaWx  Cat.  s»y  5  V^.  c 


touts  en*t=  ti*»  »  "-*-     ~JS23«3 
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!  shows  methods  of  serving  subscribers.  Single  trans- 
'e  used  for  detached  subscribers.  Where  several  sub- 
rribets  are  grouped  it  is  good  practice  In  run  a  secondary  main 
jpplied  by  one  or  more  transformers.  Through  this  arrangement 
^e  use  of  small  transformers  is  avoided  and  the  investment  in 
ransformers  is  decreased.  Large  transformers  are  more  efficient 
aan  small  ones. 

Secondary  mains  are  usually  made  three-wire  (Fig.  102)  and  the 
advantages  of  the  three-wire  system  (see  First  Section,  Index)  are 


hereby  assured.  Such  a  network  is  usually  110-220  volts,  three- 
'ire.  In  modern  practice,  single- phase  generators  are  seldom 
'itilt.  Alternating-current  generators  are  usually  three-phase, 
■Tit  feeders  may  be  single-phase  and  they  are  lapped  from  three- 
'base  bus-bars  as  sul'ltlM  ed  in  Fig.  104.  The  single-  phase  loads 
hould  be,  approximately,  balanced  on  I  lie  three  pi 


131.  Single-phase  Distribution  in  Denver,  Colo.  (Eke.  World, 
ec.  2,  1011).— See  Fig.  105.  The  lighting  service  is  fed  by  multi- 
e,  single-pha.se,  2,200-volt  primary  feeders  and  mains,  supplying 
lergy  to  secondary  networks  throughout  the  urban  districts 
irough  step-down  transformers  located  at  important  centers  of 
.slriiiution  and  fecdine.  individual  consumers  at  110  volts  and  220 
alts,  according  to  the  local  load  requirements. 

The  single-phase  alternating  current  swri-i  consists  of  twenty- 
x  two-wire,  2,200-volt  feeders  extending  from  the  station  bus-bars 
>  the  electrical  center  of  a  definite  section  of  the  city  which  is 
ectrically   independent   of   any   other   section   or   feeder.     The 
rimary  mains  extend  from  the  center  of  distribution  in  each  sec- 
;on  in  the  form  of  laterals  or  branches  supplying  energy  to  the 
*ost  remote  transformers  ol  the  district  with  ttic  «=>u?i\ Vi\si.Mi\OT\ 
f  'otermediate  transformers  bunched,  so  Sat   a.5  pta£*!\c3Ss\fc,  \a 
wre  economy  of  operation  and  reasonable  first  coat,     kwi  U«ft.« 
y  be  fed  from  a  special  auxiliary  hu-s  in  tin-  fUiVKm  m  rasewv^' 
"°  "T  inspection   arc  necessarv   in  conTiccturtv  wS-V  «" 
julators  in  routine 


i 


the  primary.  Each  of  the  two  secondary  coils  is  connected  s 
lo  give  1 10  volts  between  the  middle  or  neutral  line  and  eitht 
Lhe  oufsiiie  lines  and  220  volls  between  irawii.  Ttie  tompan 
/omul  Ih.il  wilh  iW  load  wd\  WaiaA  miwteite  ^mi 
idacy  copper  results  from  the  tiaee-wift  meWsA  <A  wje™* 
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ich  transformer  is  connected  In  the  primary  main  through 
Ide-type  primary  fuses  of  double  the  transformer  rating  in 
eres.  The  secondary  network  is  sectional  bed  between  each 
of  transformers  by  a  set  of  fuses  or  junction  cut-ouls.     These 


t  between  the 
iction.  (Sec  Fig.  ioS.) 
:ions  is  to  prevent  the 
Lit  or  secondary  service 
.s  any  abnormal  condi- 


llaced  approximately  at  the  point  of  z 
cent  transformers  on  each  secondary  si 

object  of  this  fusing  of  secondary  sec 
^formers  on  either  side  of  a  defective  ui 

assuming  heavy  overloads.  As  soon  : 
i  occur  the  junction  fuses  on  cither  side  of  a  defective  section 
',  as  well  as  Ehe  primary  fuses  on  the  transformers,  and  the 
on  is  automatically  cleared  from  the  system.  The  junction 
i  are  of  copper  wire,  being  about  50  per  cent,  larger  than  the 
ig  of  the  smaller  of  the  two  transformers  between  which  they 
in  each  instance  placed,  and  varying  from  about  60  amp. 
reen  5-kw.  transformers  to  400  amp.  between  50-kw.  units, 
uses  are  installed  in  the  neutral  lines  of  the  secondary  networks, 
>ugh  fuses  are  placed  in  all  leads  running  from  any-  wire  of  the 
idary  service  to  consumers'  premises.  The  secondaries  are 
nded;  sec  138. 
2.     Three-phase  low-voltage  distribution  systems  are  largely 

io  industrial  plants.     The  generated  voltage  is  either  220  or 


It  is  probable  that  220  is  to  be  preferred  inasmuch  as 
is  too  high  a  voltage  for  safety  around  cranes  and  other 
ired  machines  in  a  shop.  I'igs.  J-;'  uritl  107  illustrate  what 
•obably  the  best  lay-out  for  a  three-phase  industrial-plant 
nn.  Individual -motor  feeders  operale  at  either  220  or  440 
,  and  three-wire,  single-phase  lighting  feeders  at  no  and  220 
,  are  supplied  through  balance  coils.  (See  section  on  Trant- 
ers.) The  lighting  load  must  be  reasonably  well-balanced 
ig  tie  phases.  Any  of  the  schemes  of  distribution  suggested 
gs.  93  to  99  could  be  used  with  the  three-phase  system,  but  that 
gs.  106  and  107  is  probably  the  best.  Where  balance  coils  are 
used,  single-phasic  iiu.-aiuii'Sfcnl -Limp  circuits  can  be  taken 
tlir'''-p)ia.-e  circuits  as  sii^esl  ed  in  l;ig.  10S.     IVwAww^NHai 
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and  incandescent  lamp?  should  always,  where  possible,  be  operated  l\ 
at  no  volts.  (See  I'irxl  Sirthm,  Index.)  Occasionally  il  is  advi:  | 
able  to  carry  the  lighting  feedi-r^  three-phase  to  the  building  <v  l: 
group  of  buildings  served  and  In  \hr  balam.e  coils,  providing  thret-  I 
wire  circuits  are  installed  within  the  buildings.     See  also  section 


wfljn*/  — *k lighting fgeOtr  Ftmf — 


133.    Three-phase,  high-voltage  distribution  (Fig.  100)  is 

considerably  for  municipalities  and  is  probably  the  best  method 
for  average  conditions.  The  voltage  for  three-wire  three-phase 
systems  is  almost  always  2,200  so  that  standard  transformers  can  be 
used.  Where  a  four-wire  I hree-phase  system  is  used  the  Voltage 
between  outer  wires  is,  approximately,  3,Soo,  but  the  voltage  from 
any  one  of  the  outer  leiivs  in  the  neutral  wire  is  2,200  so  standard 
transformers  can  be  used.  Single-phase  transformers  are  used  ti 
serve  the  lighting  bads.  The  transformers  are  so  distributed  on 
the  three  phases  that  the  total  load  on  the  generator  is  approxi- 
mately balanced.  The  secondaries  of  the  lighting  transformers 
are  connected  as  are  those  of  a  system  with  single-phase  primary 
conductors  and  may,  as  suggested  in  Fig.  102,  be  either  two-wire  or 
three-wire.  All  three  wires  of  the  three-phase  circuit  are  not 
carried  to  all  ports  of  the  district  served.  Where  the  load  is  not 
nse  only   two  wires — giving  a   single-phase   circuit — are  used. 

je  Fig.  iog.) 

HOon  exceeding  5  h.p.  in  capacity  sWM\«  axAeasX  »w«*. 

*    '    utd  be  three-phase  ralhet  tVva.n  ro^-^  ™&  «C«»W 
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;es  should  be  provided  for  motors  exceeding  i  h.p.  in  capacity, 
methods  of  connecting  transformers  served  by  a  three-phase 
m  are  given  in  the  section  cm  Transformers.  It  is  best  practice 
ovide  individual  feeders  and  mains  for  the  motor  and  the 
ng  loads,  but  this  cannot  always  be  done.  The  three-phase 
wire  distribution  svslem  (Fig.  no)  is  used  in  several  of  the 
r  cities.  Its  advantage  is  that  it  saves  copper  as  the  ttans- 
on  voltage  is  3,800  rather  than  2,200.  For  further  information 
iction  on  Transformers. 


T 


JIL 


jfc 


w 


Fig.  109.— Three-phase  feeder  and  mains  in  a  municipality. 

4.  Protection  and  Switches  on  Distribution  Systems. — In 
1  description  is  given  of  the  methods  used  for  overload  pro- 
in  for  the  overhead  three- wire  secondary  network  used  in 
,-er,  Colo.  In  general,  it  may  be  said  that  it  is  the  practice  of 
ical  operating  men  to  use  but  very  lew  [uses  or  other  protective 
iuts  in  overhead  distribution  systems.  Where  at  all  feasible, 
1.I1  dr.  nits  are  tapped  to  main  circuits  with  soldered  joints  or 
a  disconnective  pot-head.  Fuses  are  used  as  seldom  as  possible 
use  it  has  been  found  that  they  make  more  trouble  than  they 
'orth.  Porcelain  high-tension  luse  blocks  are  almost  invariably 
posed  in  the  primary  leads  to  distributing  transformers  to 
;ct  the  transformer  against  overload. 

z.  in  suggests  the  practice  sometimes  followed  for  pro- 
ig  alternating-current  distribution  systems  against  overload. 
s  are  used  only  on  unimportant  mains.  'I\iey  ate  to»\.  V£*&.  ■alc 
rtant  points  because  they  are  apt  to  rapture  ax.  &e,  -«va»t 
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time.  A  short-circuit  on  one  of  the  principal  conductors 
usually  burn  itself  clear  and  throw  the  station  circuit-bra 
simultaneously,  so  rcslorin;;  l' he  I >Ee;iker  restores  service.  If  it  i 
not  burn  itself  clear  il  is  necessary  to  send  a  man  out  to  open 
n  until  the  fault  is  located.  This  met 
of  many  fuses. 


In  networks,  such  as  th.it  of  l'k'.  to;,  usually,  each  conduct 
fused  wherever  it  joins  another  so  that  any  faulty  section  will " 
itself  clear."     (.'o|i]>er  fuses — stamped  sheet  metal 

In  industrial  plants,  where  the  Underwriters  have 
all  conductors  must  be  fused  in  accordance  with  the  code 
which  require  protect  inn  wherever  a  conductor  changes  in  size 
large  to  small.     (See  Fuses,  Index.) 


135.  Series  circuits    (see   ''Fundamentals" 
further   information)    arc   used   for   scries   are  and    incandesi 
lighting  and  for  tire-alarm  and  watchman's  circuits. 

136.  In  laying  out  a  series  circuit  the  open-loop  system  o 
tribution  (Fig.  111)  can  be  used  if  the  circuit  covers  a  relat 

small  area.     If  a,  large  area  is  coveted  riie  «<j&ss&  sMse&SUA  in 

Fig.  11;  should  be  used  because  wlrii'rt.tt  a.\i  o\ien-t\ic«:\y  s>io\tv"ni 

tome  section,  the  section  can  be  qu\ck\y  w.taw\^  feW^vj 

cut-oat  switch  at  the  point  vnere  rite  Ktfkp  *"»»**2KSS 

Series  cut-out  switches,  especially  de-sigwsd,  csa  °   v 
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s,  hence  is  the  most  economical 
When  laying  out  series  circuits  consideration  should  be  given  to 
future  additions  of  lamps  to  the  series  circuit  and  the  circuit  should 
be  so  routed  that  they  can  be  included  with  the  least  expense. 
These  notes  apply  for  either  scries  incandescent  or  series  arc- 
lighting  circuits. 

137.  Series  Circuits  on  Pole  Lines  {From  report  of  Committee 
ok  Overhead  Line  Construction,  X,itiji».:il  Electric  IJgkl  Associa- 
tion, ion). — Every  series  circuit  should  start  from  station,  sub- 
station, or  other  point  of  distribution,  onagivenpinand  cross-arm, 
and  follow  the  same  relative  pin  and  cross-arm  throughout  its 
course.  Circuits  should  not  jump  from  one  locution  on  a  cross-arm 
to  another  location  on  the  same  cross-arm,  nor  to  a  different  cross- 
ajm,  but  should  always  lie  placed  cm  1  heir  proper  pin.  Such  a  system 
*"«nders  trouble  hunting  and  repair  work  much  simpler  than  they 
otherwise  would  be  and  is  the  only  possible  way  in  which  circuits 
Cun  be  constructed,  maintained,  operated  and  extended  in  a  satis- 
factory systematic  manner.  As  series  arc  a  ud  -cries  incandescent 
circuits  are  cut  dead  during  the  daytime  and  will  not,  therefore, 
tamper  linemen  working  on  a  pole,  these  circuits  can  often  be  run 
to  advantage  on  the  pole-pi ns  of  [lie  cross-arm.  Such  an  arrange- 
ment is  also  convenient  fur  making  lamp  loop  cojincctions.  As  it 
is  Usual  practice  In  ground  all  constant-current  series  circuits  in  the 
Elation,  these  wires  should  be  considered  as  grounded  by  line- 
men when  working  mi  the  poles,  this  in  addition  10  the  general 
yule  that  alt  wires  should  be  treated  as  being  alive  at  all  times. 

138.  Alternating-current,  low-voltage,  secondary  circuits  should 
~be  grounded.  This  is  the  recommendation  of  the  National 
Electrical  Code  and  the  practice  of  progressive  centra!  station  com- 
panies. Grounding  prevents  accidents  to  persons  and  damage,  by 
fire,  to  property.     If  some  point  of  a  low-voltage  secondary  cir- 

-,    cuit  is  grounded,  no  point  of  the  circuit  can  rise  above  its  normal    ■ 
potential  (except  under  unusual  conditions)  in  case  of  a  breakdown 
between  primary  and   secondary   windings  of  the  transformer,  oc 
of  other  accidental  connection  I.ht.  v.vui  tin;  primary  and  secondary 

If  the  secondary  is  not  grounded  and  the  transformer  breaks 
down,  the  primary  voltage  is  impressed  on  the  secondary  circuit, 
n  touching  any  hare  par!  of  I  In-  secondary  circuit  would  prob- 
reive  the  primary  voltage  if  he  were  grounded  by  contact  with, 
say,  a  radiator  or  a  gas  future.     Furthermore,  the  secondary  not 
being  grounded  and  there  being  a  ground  on  the  primary  circuit, 
the  primary  voltage  impressed  on  the  low-voltage  fittings  of  the 
secondary  circuit  might  cause  a  fire.     With  the  secondary  grounded, 
?      a  transformer  breakdown  will  often  reveal  itself  through  the  blow- 
ing o!  the  primary  fuses.     Where  a  normal  voltage  in  encesa  <&  iej? 
is  possible  between  any   wire  of  a  secondary  circiiA.  b.ti.4  swvhAv*- 
is  doubtful  whether  the  secondary  should  \>t  p,ro\mAe&,  \sfcK»»si 
n0ctxr  *?  #7""ld  frum  such  a  system  might  cause   AeiOft.     j=! 
™L%%  E,cct"c^  Code  for  further  interna***  '<«** 


ablyrc 
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I3g.  Ground  connections  can  be  made  in  many  ways, 
may  be  made  inside  of  buildings  by  connecting  to  pipes  on 
installed  at  the  poles  which  support  the  transformers  or  the  s 
ary  networks.  Central-station  practice  favors  grounds  at 
Figs.  114  and  115  show  the  method  of  making  a  pole  groun 
by  the  Allegheny  County  Lifiht  Company.  The  lower  end 
pipe  is  pointed,  the  upper  end  is  "tinned"  inside  and  then 

Elug  is  inserted  in  the  upper  end  of  the  pipe  in  the  Company's 
n  making  a  ground,  the  pipe  is  driven  into  the  earth  next 


has 


□ 


pole  and  the  steel-cable  ground  conductor,  its  end  havin 
tinned,  is  soldered  into  the   upper  end  of  the  pipe  by 
molten  solder  in  around  it.     An  excellent  feature  of  th:- 
is  that  the  iVin.  ground  conductor  is  so  strong  that  it 
be  disturbed.     It  is  secured  to  the  pole  with  pipe  straps.     (Set 

The  ground-pipe  cap  illustrated  in  Fig.  1 1 6  is  used  by  sevr  - 
central- station  companies  for  connecting  the  ground  wii 
ground  pipe.  Soldering  is  not  necessary.  The  cap  witb 
in  position  is  placed  over  the  top  of  the  pipe  and  the  pipe 
In  driving,  the  wire  is  firmly  wedged  between  the  cap  and  t 
The  ca.p  protects  the  top  01  tYfc  r>\ye.  ^1  ia.9  fits  i-in. 
Hn.  rod,  with  a  No.  6  ground  wvte.  N'lV.tt'&o.  a.-ms^'-u 
is  not  necessary  to  double  it.  Growl  vro«;  j™s,\.\k.\™, 
1  reach  permanently  moist  sou,  wf'»  ^S?£S? 
t  to  drive  them  into  the  pcfe  and  taK*3  ««**• 
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es  ground  lo  fire  hydrants.  The  ground  wire  is  supported 
e  jiole  by  cleats  or  straps,  and  carried  in  a  trench  possibly 
ep,  to  the  fire  hydrant.  It  is  connected  thereto  by  ctainp- 
der  a  footing  bolt.  In  Denver  this  method  costs  84. 50  per 
the  average  length  of  ground  wire  required  from  pole  top 
d  being  60  ft. 

Ground  wires  should  be  incased  by  wooden  molding,  for  a 
of  at  least  7  It.  Irom  the  surface,  to  protect  against  shocks 
rsby.  Under  certain  conditions  of  soil  moisture,  a  shock 
eceived  from  a  ground  wire  by  a  person  standing  on  the 
irface.  The  ground  pipe  estends  about  a  foot  above  ground 
>t  usually  prolccti'il.  Stmic  i'i>ni[janie*  incase  the  entire 
the  ground  wire  in  molding  to  protect  the  linemen. 


0  smaller  than  No.  6  should  be  used  for  a  ground 
e  companies  use  nothing  smaller  than  No.  4.  Copper 
ible.  Bare  wire  is  satistii'.-tory  and  should  be  attached 
s  with  cleats  or  straps.  Staples,  although  used,  should 
'he  National  Electrical  Code  requires  for  three-phase 
lat  the  ground  wire  be  of  the  same  carrying  capacity 
c  of  the  three  mains.  There  should  be  a  ground  for  each 
r  group  of  transformers,  and  when  transformers 
;twork  with  a  neutral  ivire,  there  should,  In  vtirii\\sn\,\ie,  a. 
/  least  d'ery  300  ft. 
irouad-wire    connections     to    transtormet     se«».4ei«fc> 

rmade  to  the  neutral  point  or  wire  U  one,  \s>  3.0^-A^- 
tral  point  is  accessible,   one   side  o\  0\e  secuTi&a-VJ 
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circuit  may  be  grounded,  provided  the  maximum  difference  « 
potential  between  the  grounded  point  and  any  other  point  In  th' 
circuit  docs  not  exceed  250  volts  1 .'.V.  11, ?<>n<tl  EU-ilru  .1/  Code).  Fig.  n; 
shows  theoretical  diagrams  of  ground  connections  lo  transforms 


r-r-i    1 — 1 — [  r~jj — J 


PlG.    117. — Theoretical  diagrams  of  secondary  ground  cor 

secondaries  and  Fig.  u&  illustrates  how  some  of  these 

are  arranged  with  commercial  transformers.  The  neutral  patnl 
of  each  transformer  feeding  a  two-phase,  four-wire  secondary, 
should  be  grounded,  unless  the  motors  taking  energy  from  at 


secondary  have  interconnected  windings.     Where  they 
comic,  lii!,  the  cenicr  or  neutral  point  of  only  one  transformer 
grounded.     No  primary  windings  arc  shown  in  Figs.  1  ij  and  . 
Fig.  118  the  secondary  winding  of  each  transformer  is  shown  divided 
into  two  sections,  as  it  is  in  commercwX  trotutantfen. 
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itional  Electrical  Code  Rules,'  Mil  iLLUiuiuuiilMii 


lal  Fire  Protection  Association,  should  In;  followed  ii 
interior  wiring.  These  rules  are  revised  every  two  " 
mbered  years)  so  it  is  inadvisable  to  include  them  in 
copy  of  these  rules  can  be  obtained  by  applying  to 
inspection  bureau  or  to  The  Underwriters'  Lubora- 
;o,  HI.  The  Factory  Mutual  Fire  Insurance  Com- 
tfilk  St.,  Boston.  Mliss.,  publishes  an  illustrated  edi- 
jles.  The  author's  "Wiring  for  Light  and  Power," 
i  being  a  general  treatise  on  the  wiring  of  buildings, 
rational  Electrical  Code  and  much  data  in  explanation 

are  local  regulations  covering  the  installation  of 
ce  in  many  localities,  which  have  been  enacted  by 
overnments.  Sometimes  these  differ  from  the  Na- 
g  illations  so  il  is  always  well  to  be  familiar  with  all 
ons  in  force  before  starting  any  work.  The  city  and 
.'  in  reality  laws  and  therefore  take  precedence  over 
'ilirlrii-ul  i'l'tlr  rlii!<-.  whirl)  have  no  legal  status, 
i  Suggestions  (Fiifhry  ,1/ nt>i,il Fin-  insiitanct  Rtiltv).— 
:  work,  conductors,  however  well  insulated,  should 
ated  as  bare  to  the  end  that  under  no  conditions 
tely  to  exist,  can  a  ground  or  short-circuit  occur, 
11  leakage  from  conductor  to  conductor,  or  between 
1  ground,  may  be  reduced  to  the  minimum.  Special 
,t  be  paid  to  the  mechanical  execution  of  the  work. 
;at  running,  conncclitie.,  soldering,  taping  of  conduc- 
ring  and  alt  aching  of  linings,  are  specially  conducive 

d  efficiency, 

t  an  installation,  except  for  constant-current  systems, 
ible  effort  should  be  made  to  locate  distribution 
ily  accessible  places, at  which  points  the  cutouts  and 
oiling  the  several  branch  circuits  can  be  grouped  for 
nd  safety  of  operation.  The  load  should  be  divided 
possible  among  the  branches,  and  all  complicated 
xy  wiring  avoided.  The  use  of  wire-ways  for  render- 
wiring  permanently  accessible  is  most  heartily  en- 
:ommen<lcd;  and  this  method  nf  accessible  concealed 
i  advised  for  general  use. 

Wiring  Rules  in  Brief  (Factory  Mutual  Rules).— 
bd  wire  must  be  used  in  all  damp  places,  in  all  conduit, 
■ncealcd  work,  and  ilii-nsiglii.iit  all  systems  on  which 
tceeds  550.  For  "open"  work  in  dry  places  where 
not  over  550,  slow-bur  nm).'  t,'m-.'v.,immmwi\W,M';*. 
jm'remenl  for  such  work,  is  \c=,s  expetviwe  as&  ■wSv 
This  wire  has  special  merit  lor.  ^isfc  \a\ias.Vj  *»A. 


400       AMERICAN  ELECTRICIANS'  HANDBOOK    [S«U  | 

dusty  places,  for  lint  does  not  readily  adhere  to  the  hard,  smooth, 
outer  surface,  as  is  the  case  with  wires  having  a  weather-proof  Ir  " 
on  the  outside  which  in  warm  rooms  becomes  sticky.     Mortal 
what  little  lint  may  collect  upon  it  can  be  easily  brushed  off,  so  t 
when  "sweeping  down"  there  is  much  less  liability  of  breaking 
insulators  or  badly  deranging  the  wires. 

Where  of  necessity  a  considerable  number  of  "ope., 
brought  close  together  as.  for  c sample,  about  the  ordinary  dist 
ing  switchboard,   the  wires  should  have  either  the   slow-but 
insulation  as  just  described,  or  i£  a  rubber  insulation  is  necei 
it  should  be  protected  by  a  heavy  "slow-burning"  outer  bt 
The  weather-proof  and  rubber  insulations  in  common  use  con 
a  large  amount  of  inflammable  material,  which   ignites  easily 
produces  a  fierce  lire  and  dense  smoke.     It  is  rhi-rcfore  desirabli 
reduce,  as  far  as  possible,  the  amount  of  this  inflammable 
and  to  surround  it  wirli  a  tight,  "slow-burning"  cover  to 
rapid  combustion.     To  still  further  reduce  the  amount 
bustible  material,  the  porcelain  insulators  by  which  the  1 
held  in  place  may  be  supported  on  an  iron  frame. 

Before  beginning  work  the  circuits  should  be  carefully 
out  and  the  work  so  planned  as  to  secure  the  very 
arrangement. 

In  mill  work,  "open"  airing  securely  supported  on  r_ 

insulators  is  generally  best.  Mains  of  No.  8  B.  &  S.  gage  wire 
larger  are  usually  most  conveniently  carried  through  space  from 
timber  to  timber  and  supported  at  each  limber  only.  Smaller 
wires  thus  supported  would  lie  liable  to  lie  broken,  and  should  there- 
fore be  wrapped  around  the  beams  or  carried  through  them  in  holes 
bushed  with  porcelain,  or  they  may  be  fastened  to  strong  running- 
boards,  well  put  up.  The  idea  is  to  have  the  wires  so  rigidly  sup- 
ported on  proper  insulators  that,  even  if  they  were  bare,  the  insula- 
tion of  the  system  would  be  perfect.  All  joints  should  be  securely 
made  and  then  r;srr fully  soldered  and  taped. 

Wires  should  he  rarcfulK  protected  where  liable  to  be  deranged 
or  injured,  as  in  passing  from  story  to  story  up  side  walls  or  columns, 
or  near  belts,  or  over  shelves  and  similar  places  where  anything  is 
likely  to  be  piled  against  them.  Excellent  protection  can  be  secured 
by  carrying  them  through  iron  pipe,  first  reinforcing  the  insulation 
of  each  wire  by  enclosing  it  inflexible  insulating  tubing  (also  referred 
to  as  "standard  flexible  tubing")  unless  the  wire  is  double  braided 
rubber  covered  in  which  case  the  insulating  tubing  is  unnecessary. 
On  alternating -current  systems,  tin-  two  or  more  wires  of  the  same 
circuit  should  be  run  in  the  same  pipe  to  avoid  induction  effects, 
(See  Figs.  56  and  57.)  Even  on  direct-current  systems  this  ar- 
rangement is  best,  as  then  the  expense  and  inconvenience  of  re- 
wiring is  avoided  when  it  is  desired  to  change  such  systems  to 
alternating  current  which  frequently  hapueua.  Protection  may  1 
also  be  obtained  by  strong  wooden  boxing,  •j.-'ix.V  h.  ^uiutatt,  vwj  V> 
keep  out  dirt,  the  holes  through  viYv.cn  toe  w«  ravwa  *isa  ^ 
being  bushed  with  short  norceUiin  lube*.     (Set  Vvfe.  «,(^J  ,. 

The  use  of  incandescent  lamps  m  «™*  ouc^W-^ 
not  approved. 
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5.  Brief  of  Underwriters'  Rules  for  Wiring  in  Especially  Haz- 
ardous Places  (such  as  Picker  and  Carding  Rooms,  Napping  Rooms, 
Dust  Chambers,  Etc.)  (Fac/crv  Hiitim!  Wiring  Kule.i).  —For  incan- 
descent lamps  in  these  more  hazardous  places,  an  excellent  pendant 
can  be  secured  by  using  reinforced  flexible  cord  and  a  keyless  socket 
■with  an  outlet  threaded  for  J -in.  pipe  and  properly  bushed,  as  advised 
for  "Portable  Lamps"  in  6.  The  cord  should  be  securely  sup- 
ported from  the  ceiling  by  a  porcelain  deal  it  split  knob,  and  the 
two  conductors  should  then  be  separated  ;ind  soldered  to  the  over- 
head circuit.  (Bee  Fig.  76.)  The  regular  "Water-proof  Pendant" 
described  in  0,8  could  also  be  used.  As  far  as  possible  cut-outs 
should  not  be  located  in  these  rooms,  hut  is  this  cannot  be  avoided 
they  should  be  of  the  plug  or  cartridge  type  and  should  be  enclosed 
in  dust-tight  cabinets  of  approved  construction.  (Bee  Code  rules 
governing  the  construction  of  dust-proof  switch  cabinet.)  If  it  is 
desired  to  control  the  lights  from  points  in  tlie-v  rooms.  U  .should  be 
done  by  snap  switches,  which  should  he  cither  enclosed  in  dust- 
tight  cabinets  or  located  where  lint  and  flyings  cannot  accumulate 
around  them. 

Drop  cords  can  be  effectively  supported  from  a  ceiling  with  the 
ceiling  buttons  shown  in  Fie.  70A.  The  cord  is  passed  through 
the  hole  in  the  button  and  then  soldered  to  the  conductors  that 
feed  It.  Some  inspector*  1  ousider  the  ceiling  button  a  much  better 
support  at  a  ceiling  than  either  a  rosette  or  a  split  knob.  Knobs 
are  not  generally  considered  good  supports  lor  lle.\ible  cord.  Ceil- 
ing buttons  are  particularly  desirable  in  industrial  plant  work 
because  there  is  no  chance  for  the  conductors  to  get  loose  from 
them.  Where  a  drop  cord  is  subject  to  vibration  it  should  always 
be  soldered  to  the  conductors  that  feed  it.  If  the  connection  is 
effected  with  the  screw  clamps  of  a  rosette,  the  vibration  is  likely 
to  loosen  the  screws  and  cause  11  loose  connection. 

6.  Brief  of  Underwriters'  Rules  Covering  the  Arrangement  and 
Use  of  Portable  Lamps  (l-'udory  .\!  uru.it  i'in-  1  ii'tiriitite  Corn  puny':: 
Wiring  Rule).  In  this  class  of  work  the  fittings  are  subjected  to 
much  hard  usage,  and  the  very  best  possible  construction  is  there- 
lore  necessary.  Instead  of  the  ordinary  flexible  cord  made  for 
pendant  lamps,  a  special  cord  having  an  extra  covering  of  rubber, 
reinforced  by  a  tough  outer  braid,  should  be  used.  (See  Section  I 
for  dimensions  of  this  cord.)  The  cord  should  be  securely  fastened 
to  the  wall  or  ceiling  by  a  cleat  or  split  knob  near  the  point  at  which 

on  this  connection.  (Sec  Fig.  76.)  It  should  also  be  knotted 
inside  the  socket,  as  explained  elsewhere.  An  approved  metal  shell 
socket  with  an  outlet  threaded  for  j-in.  pipe  should  be  used,  so  that 
the  whole  cable  may  be  drawn  into  the  socket  and  still  permit  the 
use  of  a  proper  socket  bushing. 

The    bulb    of  an    incandescent   lamp   Eloquently  Uwmt!.  \i»\. 
enough  to  ignite  paper,  cotton  and  similar  re&diYy  i^&SoVbifiaM&dQH 
nd  in  order  to  prevent  it  from  coming  in  covit  act.  \viv\\  *\id&TttfcV«w8*, 
well  as  to  protect  it  from  breakage,  everv  \1isYUs.\Ac\'iHi'i  Ausv&s 
surrounded  with  a  substantial  wire  guard.     Mmiv  <A  *w  Vmec 
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STANDARD  SYMBOLS   ADOPTED  BY  THE  HATIORAL  COIH 
DBS'  ASSOCIATION  AND  THE  AMERICAN  lUSTITHT 
07  ARCHITECTS 

(Copyrighted  by  the  National  Contractors"  Association.) 

m 

Ceiling  outlet;  electric  only.     Numeral  in  center  indjcat 

Ceiling  outlet;  combination,     |  indicates  4-16  c-p.  stand- 
ard incandescent  lamps  and  2  gas  burners.    If  gas  only. 

0. 

Bracket  outlet;  electric  only.     Numeral  in  center  indi- 

Bracket  outlet;  combination,    lindicates  4-16  c-p.  stand- 
ard incandescent  lamps  and  2  gu  burners.    I[  gas  only. 

Wall  or  baseboard  receptacle  outlet.     Numeral  in  cent 
cates  number  of  standard  16  c-p.  incandescent  lamps. 

Floor  outlet.     Numeral  in  center  indicates  number  of  S 
16  c-p.  incandescent  lamps. 

Outlet  for  outdoor  standard  or  pedestal,  electric  only.     1 
indicates  number  of  standard  16  c-p.  incandescent  lai 

Outlet  for  outdoor  standard  or  pedestal;  combination. 
cates  6-16  c-p.  standard  incandescent  lamps;  6  gas  burs 

® 

Drop  cord  outlet. 

® 

One-lamp  outlet,  for  lamp  receptacle. 

9 

a™u„,-.i,.. 

IS 

scribed  in  specifications. 

cOo»«'™« 

S1 
S" 
S1 
S' 
8° 
SE 

S.  P.  switch  outlet. 
D.  P.  switch  outlets. 

Show    aa    many    syml 
there  are  swftchea, 

r:i:a;  if  a  \-itv  !;ini 

■,.:  ■  ■:.    : 

■ 
13  single  pole  switcl 

Automatic  door  switch  outlet. 
Electrolier  switch  outlet. 

Describe   type   of   n 
specilicai;.  : 
or  surface,  push  b 

3 

Meter  outlet. 

■■ 

Distribution  panel. 

s? 

Junction  or  pull  bo*. 

Motor  nutlet.     Numeral  lu  center  \Ti4ital.es  Wm^osb 

/Si 

Motor  control  outlet. 

•^  ^■^W,M,6P«:;_1 
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Main  or  feeder  run  concealed  under  floor. 

Main  or  feeder  run  concealed  under  floor  above. 


4 

-— —  Main  or  feeder  run  exposed. 


I 


Branch  circuit  run  concealed  under  floor. 
Branch  circuit  run  concealed  under  floor  above. 


—  Branch  circuit  run  exposed. 
•—  Pole  line. 

Riser. 

Telephone  outlet;  private  service. 

Telephone  outlet;  public  service. 

Bell  outlet. 

Buzzer  outlet. 

Push  button  outlet.    Numeral  indicates  number  of  pushes. 

Annunciator.     Numeral  indicates  number  of  points. 

Speaking  tube. 

Watchman  clock  outlet. 

Watchman  station  outlet. 

Master  time  clock  outlet. 

Secondary  time  clock  outlet. 

Door  opener. 

Special  outlet  for  signal  systems,  as  described  in  specifi- 
cations. 


Battery  outlet. 

Circuit  for  clock,  telephone,  bell  or  other  service,  run 
i       under  floor,  concealed.  m  Kind  of  service  wanted  ascer- 
tained by  symbol  to  which  line  connects. 

— -  Circuit  for  clock,  telephone,  bell  or  other  service,  run 
under  floor  above,  concealed.  9  Kind  of  service  wanted 
ascertained  by  symbol  to  which,  \\tve  conaftsX.*. 
center  of  wall  outlets  (unless  otherwise  RpecA&e^  \ 
ving  Rooms  »  5  i\,.  6  vcu 

\ambera  c  it.  o  \xu 

lc.eJ  6  tt..  o  \TV. 

Zt?*,    t  6  1*.  aVfc- 

tcnes  (unless  otherwise  specified)  *  **•  °  vsx% 

*g.  x.— Standard  Wiring  Symbols. — Continued, 
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Pig.  3A.— Common  nails  (Conlinttttt). 

14.    Dimensions  of  Common  Nails  and  Brads 

(American  Steel  &•  Wire  Company) 

Length,    A.  S.  &  W.     Appro: 
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15.    Drrrauaons  of  Wood  Screws 
Round-bead  wood  screws  do  not  measure  full  length,  bat  axe  from 

ft  in.  to  ft  i"1-  snort.  For  example:  a  No.  4  by  J  in.  round-head 
wood  screw  measures  about  jV  in.  long  under  the  head  and  a  No. 
10  by  1  in.  screw  measures  about  t]  in-  under  the  head. 


Sect.  4] 
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Final  Position  -,   fos'thn  rrkile 

±  '-„  Inserting 

3*kM  formee/\   l"™1  ' 
i  fromSheetJi.] 

—rtetoi    r    1. 


16.  Toggle  bolts,  which  are  used  fur  fastening  motdilu 
electrical  devices  to  hollow  tile  or  pkster-on-raetal-Uth  iw 
are  of  two  general  types.  The  screw  type  (Fig.  5)  is  tlic  most 
tjuently  used  but  has 
the  disadvantage  that 
if  it  is  ever  necessary  to 
entirely  remove  the 
screw,  the  toggle  is  lost 
-within  the  wall.   Where 

the      object      fastened 

must   be   removed  and 

replaced     a     nut-type 

toggle  boll  (Figs.  6  and 

7)  can  be  used.     With 

that    of    Fig.    6   it    is 

usually  necessary,  after 

the  device  is  in   place, 

to  cut  off   the   part    of 

the  bolt  that  extends  so 

that  the  thing  will  look 

well.       The     so-called 

plumber's    toggle    bolt 

(Fig.  7}  has  a  remova- 
ble,  hexagonal   cap   so 

that  the  device  can  be  Inserted  in  the  wall  before  the  object  to 

be  fastened  is  slipped  over  the  bolt.     Then,  on  putting  the  cap 

in  place,  the  whole  bolt  is  backed  into  the  wall,  hiding  tie  surplus 


Pivot 

'  Rolled  Thread 


I    Metal  Moulding     RoundJtead 
Bolt  BoH* 

P10.  s. — Screw-type  toggle  bolts. 


thread  from  view.  Cone  In, id  toggle",  Fij:.  S,  arc  used  principally 
for  the  erection  of  metal  molding  and  have  the  advantage  that  the 
toggle  head  will  readily  pass  through  the.  hole  in  the  molding  back- 


Toggle  bolts  are  made 
.■Stteardized  Sfee/Screw 


drasi  Expanding  Cone1 

Fig.  8.— Toggle  holt  for 


several  diameters  and  lengths. 
That  of  Fig.  5,  /  and  Fig.  S  ate 
made  by  the  National  Metal 
Molding  Co.,  Pittsburg.  The 
others  illustrated  are  made  by  I  he 
Chicago  Nut  Co.,  Chicago,  111. 

16A.    Knobs,  the  small  porce- 
lain insulators  used  tot  su.^av.- 
ing  interior  tonifliCBraj«*«.A-'W» 
jrcneral  types,  \^c  M&A  ^'vf,-*  S^> 
■lid  knob  is  required^  tira^ofts*; 
■      cheaper  ol  toe  V^'^vcf 


dditional  cost  of  the  tie- wire  required  with  it  ami  Om^*"  **  **¥ 
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makes  the  cost  installed  about  equal  to  that  of  the  split  knob.  The 
split  or  confining  knob  is  unquestionably  superior  to  the  solid  knob, 
as  no  tie-wires  are  required  with  it.  In  some  places  inspector* 
require  with  the  larger  size  wires  that  a  tie-wire  be  used  even  with 
the  split  knob,  because  Code  rules  specify  tie-wires.  The  rule  is 
not  always  strictly  enforced.  Knobs  of  the  same  kinds  are  used 
for  both  open  atnl  fur  knob  ;im:l  Lube  wiring. 

16B.  As  to  the  Use  of  Screws  or  Hails  with  Split  Knobs.— Nails 
hold  better  than  screws  in  certain  woods.  The  breaking  of  knobi 
at  the  time  of  putting  them  up  with  screws  is  not  the  only  source  of 
trouble,  for  the  binding  tension  applied  often  acts  to  crack  tit 
knob  a  considerable  time  after  it  has  been  put  in  place.  It  Is  m 
objectionable  practice  of  many  wiremen  in  putting  up  knobs  with 
screws  to  drive  the  screws  in  nearly  all  the  way  with  a  hammer, 
fii-i  iiiLr  them  only  a  couple  of  turns  with  a  screwdriver  to  tighten 
them.  The  principal  argument  in  favor  of  the  use  of  the  nail  B 
the  great  saving  of  the  wiremen's  time  that  results  as  compared 
with  that  required  for  putting  in  screws.  The  insulating  value  of 
either  construction  is  practically  the  same. 


i.  8A.— Spli 

16C.  A  split  knob  which  clamps  the  conductor  betwi 
two  halves  is  shown  in  Fig.  S,  A.  Split  knobs  must  be  ui 
conductors  smaller  than  No.  8,  B.  &  5.  gage. 

16D.    Dimensions  of  Standard  Porcelain  Knobs 

L{R.  Thomas  6"  Sans  Company) 
All  dimensions  are  in  inches 
1 
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i6E.  Tubes  for  knob  and  tube  work  can  be  obtained  in  many 
lengths  and  sizes,  as  indicated  by  Table  i6F.  A  tube  3  J  in.  long, 
f  in.  external  diameter  and  -fa  in.  internal  diameter,  is  the  size  most 
frequently  used  in  ordinary  house  wiring. 

16F.    Dimensions  of  Code  Standard  Unglazed  Porcelain  Tubes 

(R.  Thomas  6*  Sons  Company) 
All  dimensions  are  in  inches.    An  allowance  of  one  sixty-fourth 
of  an  inch  for  variation  in  manufacturing  is  permitted,  except  in  the 
thickness  of  the  wall. 


;>LE  K 


Fig.  8C. — Standard  porcelain  tube. 
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Diameter 
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hole 
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iGH.    B.  &  D,  Porcelain  Cleats; 
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16J.    Flexible  tubing  or  circular  loom  (Fig.  8,  F)  finds  a; 
tion  tn  mixed  airing,  where  short  sections  of  rigid  cond 
installed,  being  used  as  additional  insulation  and  proted 
the  entire  length  of  conductor  within  tbe  rigid  conduit    ' 
metal  outlet  boxes  are  used,  or  switch  boxes,   flexible  tl' 
required  from  the  last  porcelain  support  and  extend 
outlet  box.     Another  application  for  flexible  tubing  is 
already  completed  where  the  wires  are  fished  in  between  tl 
and  ceilings.     The  tubing  is  used  as  a  covering  c 
separately  encased.     In  concealed  knob  and  tube  work  it  ■ 

Silently  impracticable  to  place  wires  5  in.  apart  and  1  :- 
le  surface  wired  over  as  required  by  the  code,  and  in : 
the  wires  may  be  separately  encased  in  flexible  tubing. 
wiring  where  the  amount  of  separation  required  by  the  □ 
the  surface  wired  over  cannot  be  maintained,  the  wii 
encased  in  flexible  tubing. 

The  following  is  a  list  of  places  where  flexible  tubing  is  appli 
In  open  wort  where  wires  are  exposed  nearer  each,  other  than  ij 
on  wires  crossing  other  wires;  on  wires  crossing  gas  pipes,  n 
pipes,  iron  beams,  wood  work,  brick  or  stone;  on  wires  at  chan 
and  bracket  outlets;  on  gas  pipe  back  of  insulating  joints;  01 
under  the  edges  of  canopies;  and  at  distributing  centers  01 
space  is  limited  and  the  j-in.  separation  required  cannot  b 
tabled,  each  wire  must  be  separately  encased  in  a  con 
length  of  flexible  tubing.     In  many  other  places  flexible  ti 

employed  as  an  added  protection  to  wires;  as  for  ins 

able  wires  around  machinery  and  in  show  windows,  etc, 
added  protection  although  not  required  is  often  desirable. 

Knox  in  his  Electric  Light  Wiring  says:     The  use  of  flexible  til 
is  becoming  more  limited  even-  year  and  as  a  separate  methi 
wiring  is  only  approved  by  certain  inspectors.     It  is  used  in  in 
fireproof   buildings  and  is  frequently  used    in  conjunction  vt 
other  methods  of   wiring,  such  as  knob-and-tube  wiring,  expia 
wiring  on  insulators,  molding  work,  etc.     It  is  also  used  at  ll 
backs  0!  switchboards  to  cover  conductors  where  they  emerge  to 
conduit,  or  where  the  conductors  pass  through  walls,  etc.     ItnW 
be  used  on  the  loop  system  and  be  continuous  from  on;  It 
It  must  not  be  installed  in  damp  places  or  in  any  way  subjected  I 
moisture   (such  as  being  placed  in  contact  with   damp  mortBi 
plaster,  etc.).     Wires  should   not  be  drawn  into   flexi 
until  after  the  rough  work  in  the  building  is  finished  as  the  tuld 
not  strong  mechanically  and  would  not  protect  the  wire  • 
etc.     Duplex  wires  are  not  permitted  in  flexible  tubing,  alfllMlt 
single- braided  conductors  are  allowed. 

Owing  to  the  fact  that  flexible  tubing  is  neither  moisture-prf 
nor  mechanically  strong,  it  compares  unfavorably   wi; 
conduits.     Hiring  with  it  is,  "However,  dwaiiex  \^ia«.\ii!sri#*l 
flexible  conduit  wiring. 
Flexible  tubing  should  be  used.  ©rA-j  "^  ^  -a*™**- 
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16K.    Properties  of  Flexible  Tubing  or  Loom 

.-Water proof  compound 
Mica  A  rmor-Spoifeain  cotton  braiding 


Cofton    , 
Braiding 

Pig.  8P. — Flexible  tubing. 


Spirally  wound  Fiber 
Tube 


B 

Outside 
diaxn., 
inches 

Ft.  per  coil 

Largest  wire,  B.  & 
S.  and  cir.  mils 

Weight  per 
1,000  ft.-lb. 

H 

250 
250 
200 
200 

No.  14 
No.  13 
No.    8 
No.    4 

75  lb. 
no  lb. 
125  lb. 
155  lb. 

% 

2A 

ISO 
100 
100 
100 

No.    3 
No.  00 
300,000 
400,000 

200  lb. 
275  lb. 
360  lb. 
400  lb. 

% 

3 

.     3i 

100 

Odd  lengths 
Odd  lengths 
Odd  lengths 

600,000 

800,000 

1,100,000 

1,300,000 

440  lb 
000  lb. 
700  lb. 
700  lb. 

Lsulating  tape  for  the  United  States  Navy  Department 
sed  under  tie  following  specifications: 
e  to  be  classified  as  follows: 

ibber  tape, 
itton  tape. 

h  classes  must  meet  the  following  requirements: 

jliveries  shall  contain  full  specified  weight  of  tape,  exclusive  of 

and  boxes.     Net  weight  only  of  tape  shall  be  paid  for. 

I  tapes  shall  be  of  recent  manufacture. 

e  surface  shall  be  smooth,  the  body  entirely  free  from  holes,  the 

ight  without  selvage  and  widths  even.     When  held  before  a  strong 

i  must  be  no  evidence  of  pin  holes. 

le  wrappings  shall  be  secure  and  protect  the  contents  fully. 

:  cotton  tape  must  be  well  saturated  and  frictioned,  but 
d  shall  not  be  put  on  in  excess.    Separation  under  a  pull 
:>er  inch  width  applied  to  the  material  when  wound  from 
rial  in  a  coil  on  a  i-in.  mandrel  under  a  tension  of  10  lb. 
exceed  8  in.  per  minute  at  75  deg.  fahr. 
en  unwinding  from  the  original  coil  there  must  be  no 
'  to  leave  a  thread  sticking  to  the  next  layer  in  the  case  of 
ipe,  nor  shall  the  separator  show  any  tendency  to  stick 
ase  of  rubber  tape.    Rubber  tape,  when  wta\>\>fc&  \»  *&. 
»  of  i  in.  and  heated  to  150  deg.  iahi.  lot  20  tdm^.,  ^aa&. 
a  homogeneous  mass. 

on  tape,  when  exposed  in  strip  to  dry  heat  at  »^o  ^ 
hr.  shall  stand  the  following  separation  test  \mme&\aX* 
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after  removal  from  the  heat.     Test  similar  to  that  in  paragraph 
three  will  be  made,  except   t hat  the  pull  shall  he  two  o 
Inch  width  n  lid  I  he  separation  shall  not  exceed  ;  in.  per  it 

6.  The  weight  of  the  compound  applied  to  the  cloth  shall  be  annul 
0.65  lb.  per  square  yard. 

7.  To  posses?  the  follow-in;.;  physical  and  chemical  characteristics. 
Width,  inchest     Rubber.  J,  i.  and  1;  cotton.  |,  1  and  1. 


.','    Call    .vi.1 


i  ■-.■!)    i'  .  iM.-r-.:    i.M-h    :it 

cotton.  40  lb.  per  inch  of  width. 

I'!.:-.'.         ■!..■■■'.:      :■        '■■    .     ■■  ■  ■      ::■.:.':..    ■■■: 


Markings  of  p 


ckage:    Rubber,  maker's  trade  name,  width,  weight,  dirt* 


ho  ■■■■:    for   1, mi   ih'  r.trent  1h   oi    'Iir  V 

^K^tefn^i^per  minute".    The  Initial  , 
1  be  3  in.    The  test  for  tousle  itrnHth  of  th. 


break-down  shall 


17A.  Rosettes  may  be  either  fused  or  unfused.  Fused 
rosettes  are  seldom  used  now.  The  usual  pracl  ice  is  to  connect  rfi 
sockets  to  a  branch  circuit,  through  fuseless  rosettes,  so  that  the 
total  wattage  of  the  lamps  will  nol  exceed  660.  Sockets  are  usu- 
ally considered  as  requiring  not  less  than  40  watts  each.  Th* 
branch  circuit  can  then  be  properly  fused  at  the  point  where  it 
connects  to  the  main  circuit.  Fused  rosettes  are  used,  with  tot. 
underwriters'  approval  only  for  open  work.  Link-fused  roselles 
.can  he  used  for  voltages  no!  exceeding  1;;  and  enclosed  fused 
rosettes  for  voltages  not  exceeding  250.  Where  rosettes  are  *  ' 
jo  or  40  lamps  may  lie  connected  to  one  branch  circuit. 

The  rosette  fuse  must  not  exceed  3  amp.  capacity  and  the  fuse 
protecting  the  branch  must  not  exceed  15  amp.  capacity.  It  is  n  ' 
now  considered  good  practice  to  load  any  incandescent  lamp  c: 
cuit  to  more  than  060  watts.  If  there  are  too  many  lamps  on  01 
fuse,  its  blowing  will  render  too  great  an  area  dark. 

18.  Insulating  socket  bushings  must  be  used  where  a  cci 
enters  a  socket  to  protect  it  against  abrasion  and  grounding  against 
the  shell.     The  most  popular  bushings  are  of  hard  rubber  or  of  s 

■pound  resembling  it.     Patented  bushings  which  automatically 
tie  cord  by  a  wedging  action  can  be  pvistiaaei. 


«ct.  4] 
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19.  Sockets  made  with  a  £-in.  or  a  |-in.  pipe  thread.  The  so- 
tiled  J-in.  sockets  are  used  only  on  fixtures.  The  f-in.  sockets  can 
2  used  with  reinforced  lamp  cord.  In  connecting  a  cord  to  a 
»tket,  the  cord  should  always  have  a  knot  (Fig.  g)  tied  in  it  that 
-II)  lie  within  the  socket  to  insure  against  its  pulling  out  and  to 
ike  the  strain  from  the  binding  screw. 

20.  Key  sockets  should  not  be  used  in  places  where  they  are  in 
n  atmosphere  filled  with  an  inflammable  dust.  Weather-proof  or 
.eyless  sockets  should  be  installed  in  such  places. 

31.    Brass-shell  or  key  sockets  should  never  he  used  out  of 
ieors  or  in  damp  places.     Sometimes,  e"~  '" 
rill  get  into  the  shell  and  ground 

socket.  Occasionally  the  water 
omes  from  the  hand  of  a  person 
bat  has  just  washed  and  turns 
he  key  before  his  hand  is  dry. 
^"he  water  enters  through  the  slot 
a  the  shell.  A  keyless  or  a  pull- 
Tiain  socket  should  be  installed 
n  bath-rooms. 

22.  Weather-proof  sockets  are 
ised  out  of  doors  and  in  damp 
tlacea  as  suggested  in  95. 

23.  Brief  of  Underwriters' 
lules  Covering  Cut-outs  {Factory 
-liiliu:!  Ride;). — Link  fuses  are 
lot  suitable  for  general  use  about 
.  factory  and  will  not  be  approved 
inless  mounted  on  slate  or  mar- 
»le  bases  made  to  conform  to  the 
petrifications  given  in  the   Code 

!nd  enclosed  in  dust-tight,  fire  proofed  cabinets.  (See  Fig.  : 
Che  ordinary  porcelain  link-fuse  cul-outs  arc  not  permissible. 
\pproved  plug  anil  cartridge  fuses  may  be  used  almost  anywhere 
n  the  ordinary  manufacturing  plant  without  the  enclosing  cabinet, 
■Uch  cabinets  being  necessary  only  in  specially  hazardous  places, 
11  where  persons  would  be  liable  to  come  in  contact  with  the  bare 
Ive  parts.  These  fuses  of  the  enclosed  type  are  strongly  recom- 
mended for  general  use. 

In  1903  the  enclosed  fuse  was  standardized  by  a  special  com- 
mittee of  the  underwriters  in  consultation  with  the  fuse  manu- 
facturers. (See  specifications  in  25.)  This  was  found  necessary 
b  order  to  secure  an  interchangeable  fuse  for  any  given  capacity 
regardless  of  the  make.  This  feature  had  previously  been  sadly 
lacking,  and  the  result  had  been  great  inconvenience  or  the  use  of 
dangerous  substitutes,  such  as  fuse  wire,  wire  nails,  etc  The 
great  advantages  of  an  interchangeable  fuse  arc  evident. 

24.  Relative  cost  of  fuses  of  capacities  up  to  2$  amp.  is  given  In 
Knox's  Electric  Light  Wiring  as  follows:    Open-link  fuse  nil  h  cooler 
terminals,  £  cent  each;  Edison  fuse  plug,  5  cents  cacV,  ^AoWittAuM 
Blue  casing  with  cartridge  fuse  complete,  15  cents  eaA-,  ca.t'W&S£ 
He,  Scents  each.     These  costs  are  approximate. 
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26.  A  cartridge  fuse  consists  of  a  tube  of  vulcanized  fiber, 
>aper  or  some  simitar  material  (Fig.  n)  within  which  the  fuse  is 
nounted.  The  fuse  terminals  are  connected  with  contact  pieces 
t  the  ends  of  the  tube.  An  insukitiusr,  porous  powder  resembling 
ha  Ik  surrounds  the  fuse  and  fills  or  nearly  fills  the  tube.  When 
he  fuse  blows  the  powdered  material  disrupts  the  arc.  Sometimes 
he  fuse  is  surrounded  by  a  small  ait  chamber  as  shown  in  the 
lustration. 

The  formation  of  an  arc  is  prevented  in  a  cartridge  fuse,  there- 
Jrc  fuses  of  this  type  are  more  reliable  than  those  of  any  otter. 

27.  National  Code  Standard  Ferrule  Contact  Cut-out  vs. 
Idison  Plug  Cut-out. — The  following  objections  have  been  raised 
gainst  the  code  standard  fuse-anrl-rmlder  combination,  for' 
f  less  than  60  amp.,  which  is  illustrated  in  Fig.  io. 

1.  The  fus 


.    The   s: 


■:,i:,T  then 


■e  with  the  finger: 


on  the 


,i   Srckv, 


3e  fuse  fern     . 
il  in  the  clips  or  bending  by  unskilled  person 

when  a  fuse  is  beiru;  taken  out  ur  removed.  V 


4.    The  ferrules  o 
likely  to  bo  recci' 

orkman  is  standir 

The  combination  of  a  National  Electrical  Code  standard  fuse 
F*ig.  12,  /)  enclosed  in  a  poroclain  Edison  plus  fuse  casing  (Fig. 
2,  //)  and  held  in  an  Edison  plug  cut-out  (///)  is  believed  by 
"any  practical  men  to  be  much  superior  to  the  combination  iUus- 
■ated  in  Fig.  10. 

The  Edison  plug  arrangement,  if  it  has  any  of  the  four  disadyan- 
igeous  features  tabulated  above,  ccruuuly  has  them  to  a  lesser  ex- 


Flbrelubs-'  AirChamber 
—Cartridge-type  enclosed  fus 


;nt  than  does  the  spring-clip  holder  and  ferrule  fuse  arrangement. 
Edison  plug  cut-outs  are  not  approved  by  the  underwriters  foe 
ressurcs  exceeding  125  volts  or  currents  exceeding  30  amp. 

An  approved  Edison  plug-  cut-out  and  a  tu.se.-pW?,  caivo?,  *A  "Oat 
—30  amp.  size  are  made  by  the  Bryant  Ekctrk.  Compaq  to*  1W> 
ylts.     The  threads  of  rhe  cut-out  socket  and  those  cA  \3ns  casas* 
e  left-hand  instead   of    the    usual    riuht-lianA.     T\v«e\ot«  vass 
■gs  designed  for  u 5-voh  service   (and  wbAcYi  have  a.  tTv^cAPb 
«y  cannot  be  used  in  the  250-volt  cut-outs. 
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:h;  65  to  100  amp.,  $0.35  each;  110  to  200  amp.,  $0.50  each; 
U5  to  400  amp.,  $0.00  each;  450  to  600  amp.,  $1.30  each. 
29,     Open-link  fuses   dig.   i,;J   have  the  disadvantage  of  dis- 
rupting violently  when,  short-circuited  and 
fuse  Wire  may  burn  a.  person  that  is   near.      They 

blacken  I  he  panel  that  supports  them. 
They  are  permitted  by  the  Dndervwitea 
only  when  supported  un  Ami-  bases  and  en- 
closed in  iron  cabinets.  When  so  arranged 
they  will  give  good  satisfaction  in  indus- 
trial plant  service  where  they  are  handled 
by  journeyman  electricians. 

30.    Melting  Points  of  Commercial  Fuse  Wire 

From  Knox's  Electric  Light  Wiring.     Table  by  Mr.  Bathurst 

The  following  values  arc  approximate  as  the  fusing  point  of 

metals  depends  on  the  proportion  and  kind  of  alloys  used,  kind 

and  form  of  terminal,  length  of  fuse  and  on  other  things. 


Copper  Terminal- 
Fie.  13.— Linli  fus. 
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31.     Diameters  of  Wires  of  Various  Materials  That  will  be  Fused 

by  a.  Cun-ent  of  a  Given  Strength 
Knos's  Electric  Light  Wiring.     Derived  m>m  lal.les  of  W.  H.  Prccce 

Cur- 
amp. 

Copper 

Aluminum 

German  silver 

Iron 

Diam 

India 

N  tar,' si 
B.  &  S. 

Diam 

:i.    ;      :'■ 

Diam 

b'&'s. 

Diam. 

B.4S. 

5 
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■J.0i>:t. 

34 
16 

0. 0026 

o!ooo; 
0,007( 

0.0397 

ft 

.oofl; 

.lit: 

.080: 

:SS 

-148; 

1 

1:",6 

./■OS 

I.I.S.I 

[8 
16 

6 

s 

32.     Switches  may  be  classified  thus:     (1)  Surface  swit 
ranged  for  mounting  on  the  surface  of  a  wall,  which  ma 
cither  the  open  knifc-bladeorof  the 
enclosed    snap-switch    types.     (2) 

Flush  switches  arranged  for  mounL-                           Hall. " 

ing  in  a  wall  or  partition  with  their                  Switch- a 

face  plates  and  operating  buttons                              -, — a 

practically  Hush  with  the  surface 

of  the  wall.     (3)  Canopy  switches 

which  arc  mounted  in  wall  bracket, 

electrolier  or  portable  lamp   can-                                 ! 

opies.      (4)   Pendent  switches  ar-                               %t 

ranged  to  hang  from  a  two-con- 

112 

*»? 

• 

circuit  of  the  cord. 

7«wY              ) 

Wmfh 

stamp 

ground 
lave  the 
t  7S  P 

r  the 

irolt'ctii 
■  o{  lh 

ir  f  u 

They 
coming 
ing   caj 

'lg.   14. — liocatioa  o 
vety  \vot  'beloxc 
acities  tfusy  oiv 
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hot  as  to  heat  terminals  or  switches  to  which  they  are  con- 
nected to  undesirably  high  temperatures.  Copper  fuses  should 
always  be  enclosed  in  iron  boxes.  The  General  Electric  Company 
marks  its  copper  fuses  with  the  current  that  they  will  carry  with- 
out undue  heating  and  recommends  them  for  the  protection 
of  underground  circuits  against  dead  short-circuits  only.  Many 
thousand  are  in  use  in  this  service  and  for  it  give  excellent  satis- 
faction. 

34-  , 


Fig.  is- — Stamped  copper  fuse. 
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.     Switches  should  be  located  4  ft.  from  the  floor  (Fig.  14) 

■  are  to  control  lighting  circuits.    This  is  the  practice  recom- 

'  by  The  American  Institute  of.  Architects..    Sometimes  the 

"f  the  wood  work  or  decoYitioas  maYes.  ix  oeRKsaarj  \» 

thi»  standard.     Switches  cnu&xcftfcm  *»  \ib>s»  m  ». 
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room  should  be  Waled  at  the  entrance  to  il  and  not  behind  the  door. 
Consult  the  plans  and  find  which  way  the  doors  open.  Cellar 
lamp  switches  should  be  at  the  head  of  the  stairs.  Hall  lamp 
switches  should  be  near  the  door  into  the  hall.  In  first  class  work 
three-  and  four-way  switches  should  be  used  so  the  hall  lights 
be  controlled  from  any  floor. 

37.    Cost  of  Knife  Switches  in  Place 

(.Nelson  S.  Thompson,  Electrical  World,  Sept.  9,  19") 
The  values  are  for  250-voIt,  single-break  switches  with  eitensior 


Double-: 


The  cost  of  mounting  an  unmounted  switch  not  including  the 
drilling  of  the  tablet  board  is  $1.00  per  switch. 

38.  Enife  switches  (Power,  April  23,  igiz)  made  by  reputable 
manufacturers  :l re  constructed  in  accordance  with  National  Electri- 
cal Code  requirements.  This  pretty  effectively  protects  the  buyer, 
but  any  switch  should  be  carefully  inspected  before  il  is  purchased. 


Handle 


Fig.  16  gives  the  names  of  knife  switch  parts,  The  contact  between 
the  break-jaw.';  and  Lhe  blade  should  be  carefully  inspected,  as  it  is 
at  this  point  that  knife  switches  are  most  apt  to  give  trouble  by 
oecrhcatiiiK.  The  cnnlact  between  rlio  hinee-iaws  and  the  blade 
seldom  limits  lhe  capacity  of  a  switch,  because  it  is  under  pressure 
from  the  hinge  bolt  and  the  spring  washers.  The  capacity  of  a 
switch  is  deter  mined  by  its  temperal  urc  rise.  The  Code  specifies  a. 
maximum  rise  in  any  part  of  50  deg.  lahi.  at  b&-V»&, 

39.     To  make  a  contact  between  swvttu.  t\a4e  aa.4.  >w^  «»*■ 
siderable  skill  is  required.     After  a,  switch  vs  a.5fifcitto\&&^  ,2°a  Vs*1 
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are  first  bent  into  correct  position  cither  by  hand  or  by  driving  a 
block  of  wood  against  tlu>  distorted  portion  with  a  hammer.  Then 
they  are  "ground  in"  with  vaseline  and  line  (FF)  pumice  stone. 
Often  the  "fit"  of  a.  switch  is  reasonably  good  at  the  start,  and 
merely  working  the  blade  in  and  out  of  the  jaws  by  hand  will 
Blind  ihciti  ill.  Before  [lie  grinding  process  is  siaricd,  the  portion 
of  the  blade  that  wipes  the  jaws  should  be  daubed  with  the  vase- 
line and  pumice  stone  compound.  The  abrasive  not  only  "grinds 
in  the  fit"  but  wears  off  the  lacqncr,  which,  if  it  remained,  might 
be  the  cause  of  a  bad  contact.  The  surplus  compound  should  be 
removed  with  a  rag. 

40.  A  test  for  good  blade  contact  can  be  made  by  trying  to 
insert  a  "feeler,"  which  is  a  leaf  of  very  thin  steel,  mica  or  paper, 
between  the  jaws  and  blade  at  the  corners  and  sides.  About 
o.oor  in.  to  0.004  in.  is  about  the  right  thickness  for  a  "feeler." 
An  excellent  feeler  can  be  made  by  hammering  down  to  a  knife 
edge,  the  edges  of  a  strip  of  very  thin  metal  possibly  4  in.  long 
and  i  in.  wide.  If  the  feeler  .-.lips  in  at.  any  point,  it  is  evident 
that  the  "fit"  is  poor  at  that  point  and  the  contact  bad.  Proper 
forming  of  the  jaw  will  correct  the  difficulty.  There  have  been 
cases  where  switches  have  been  made  to  carry,  without  excessive 
temperature  rise,  currents  50  per  cent,  greater  than  their  normal 
ratings,  by  merely  carefully  fitting  their  jaws  to  their  blades. 

41.  Knife  Switch  Ratings. — Ahout  1,000  amp.  per  square 
inch  of  copper  section  and  50  to  75  amp.  per  square  inch  of  sliding 
contact  surface  is  usually  allowed  in  designing  switches. 

A  switch  thai  will  carry,  possibly,  1,000  amp.  with  a  20  deg. 
temperature  rise,  will  carry  possibly  ?,aoo  amp.  with  about  a  60 
deg.  rise.  The  radiation  of  heat  from  the  switch  increases 
more  rapidly  than  docs  the  rise  in  temperature,  and  as  the  heat 
generated  varies  as  the  square  of  the  current,  it  is  evident  that 
the  temperature  rise  will  be  someu-hat  less  than  proportional  lo 
the  square  of  the  current. 

A  switch  will  break  about  duuble  the  voltage,  with  a  given  cur- 
rent with  alternating  current  as  with  direct  current.  This  is  due 
to  the  fact  that  an  alternating 
current  decreases  to  a  zero  value 
during  each  cycle.  The  Code 
recognizes  this  and  specifies  that 
"for  100-amp.  switches  and 
larger,  the  spadngs  for  150 
volts,  direct  current,  are  also  ap- 
proved for  350  volts  alternating  current." 

The  voltage  drop  from  eoiilaet  block  lo  hinge-block  of  a  good 
switch  should  not  exceed  about  1  3  milli-voks  wilh  full-load  current. 

42.  Quick-break  switches  (Fig.  17)  have  an  auxiliary  brcak- 
fag arrangement,  actuated  by  a  strive,.-.,  making  it  difficult  to  draw 

an  arc  even  il  the  switch  is  o\>cnei\  s\ov.\v.  YiwvAVj  *»  ojiisSt-^ 
break  attachment  is  relatively  delicate  an4  is  a\A  to  wvo*^ 
order.  Where  feasible,  it  is  always  bettot  to  w  *  wftt*  *« 
"t  a  quick-break  attachment.  .      ...      „ 

4J>     Single-throw  knife  switches  stowM  w  » 


Auxiliary  Blade     Spring 
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gravity  will  tend  to  open  rather  than  to  dose  them.  Double- 
throw  switches  can  be  mounted  horizontally,  bill  often  when  so 
mounted,  it  is  inconvenient  to  connect  to  them,  and  they  do  not 
work  in  well  with  many  switchboard  arrangements;  hence  they 
are  often  mount  ft.!  vertically  innl  an  insulating  guard,  possibly  of 
wood,  is  arranged  that  may  be  slipped  over  the  jaws  on  the  lower 
terminals  of  the  switch,  to  prevent  accideatal  contact.  Usually 
it  is  best  to  so  connect  a  switch  that  the  break-jaws  will  be  "alive" 
and  the  blades  dead  when  the  switch  is  open.  The  blades  expose 
more  surface  and  extend  further  than  do  the  jaws,  hence  are  more 
liable  to  accidental  con  lad  and  shori  -circuits  than  are  the  jaws. 

44.  Enclosed  snap  switches  are  usually  preferable  to  knife 
switches,  where  it  is  feasible  to  use  them.  Snap  switches  can  be 
obtained  for  breaking  currents  as  great  as  30  amp.  at  250  volts. 
The  unskilled  person  in  opening  and  closing  a  knife  switch  is  - 
apt  to  draw  an  arc  between  the  run  tacts,  or  only  partially  close 
the  switch,  which  will  pit  the  metal  and  ultimately  ruin  the  switch. 
This  condition  cannot  occur  with  a  good  snap  switch.  Only 
iiulii  aLing  switches  should  be  installed. 

45.  The  remote  control  switch  can  often  be  advantageously 
used.  One  mnmnni'  i;rvr  ;ri\> ■■■■  1  !i>  ''■■'.'■  nvin;;  ..';■:  ..!'  ii  -  df-ir-nli' 
properties  as  applied  to  theater,  large  building  and  general  wiring: 


suptilyat  (rebuilding  by  r. 
.'"■  ljur.'ifjiiff.      This  pre- 
accidentally  left  burning,  1 


A  remote  control   switch  is  shown  in  Fig.  18,  i 
□  Fig.  19,  and  the  operating  switch  in  Fig.  20.     When  the  white 
,      ^  ,  button  of  the  operating  switch  is  pressed, 

.rfauftatt  ;t   pcrmits   currerlt    t(1   flow    through   the 

~\Wh!h Bufhn  solenoid  that  closes  the  switch.  It  pulls 
the  jaws  totieihi-r.  which  closes  the  main 
circuit  and  the  jaws  arc  locked  in  the  closed 
position  by  the  toggle  arrangement.  The 
operating  current  is  discontinued  by  the 
closing  movement.  When  t tie  black  button 
is  pressed,  the  opening  solenoid  is  energized 
— Momentary  ant^  lne  swiiili  opens  and  severs  the  oper- 
ct  switch.  ating  circuit.     Operating  switches  of  several 

forms  are  for  sale.      The  principles  of  all 
tially  as  described  above. 
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47.  A  typical  remote  control-switch  installation  is  showi 
Fig.  21.  The  main  conductors  serving  the  electrolier  are  car 
to  the  remote  control  switch  near  it.  Branch  lighting  circ 
from  the  remote  control  switch  pass  to  the  electrolier.  The  c 
trolier  is  controlled  by  two  conveniently  located  operating  switi 
— there  could  be  as  many  more  operating  switches  as  desired— 
the  heavy  conductors  are  not  carried  to  the  operating  switc 
A  saving  in  the  cost  of  conductors  thereby  results.  The  opera 
circuits  are  of  No.  14  wire.  Many  other  applications  will  sug, 
themselves  wherein  circuits  may  be  controlled  from  various  po 
without  its  being  necessary  to  carry  the  main  conductors  to  tl 
points. 

48.  An  iron  switch  box  can  be  readily  made  as  illustrate* 
Fig.  22  of  sheet  metal.  It  is  probably  always  cheaper  to  bi: 
switch  box  than  to  make  one.  When  the  homemade  article  n 
be  used,  the  box  is  bent  from  the  sheet  metal  which  is  india 


r-x  BendonDatfech  r 
Z^\Lln*S- k¥- 


Switch 
Box 


Holes  for 
Tubes 


o    .  »0 


Front  Ylew  Section  Development 

Pig.  22. — A  homemade  iron  switch  box 

at  Development.  The  cover  is  formed  in  the  same  way.  A 
being  bent,  the  sides  are  held  in  position  with  rivets.  Holes 
punched  for  conductor  outlets  and  ordinary  tubes  are  used  in  tl 
for  insulation.  The  boxes  must  be  painted  and  be  made  of  m 
not  less  than  No.  12  B.  &  S.  gage  (approx.  A  in.)  thick  to  con 
with  Code  requirements.  The  hinges  for  the  door  are  riveted 
Holes  are  provided  in  the  back  for  securing  the  box  to  the  ' 
and  for  supporting  the  switch  within  it  with  stove  bolts.  (I 
trical  World,  March  9,  191 2.) 

49.    Wooden  Switch  Boxes  can  be  Readily  Made   (Elect? 

World,  May  4,  191 2). — Iron  ones  are  preferable  and  can  now 

secured  from  jobbers  at  costs  that  compare  favorably  with  or 

less  than  those .  for    homemade  wooden  boxes.     Wooden    b< 

(Fig.  23)  should  be  of  J-in.  well-seasoned  wood  and  \in&&  ^ 

J-in.  asbestos,  secured  in  place  with  tacks  axv<l  A\s&»£..    * 

Iron  tir  in.  thick  or  two  *V-in.  sheets  may  be  \is>e<i  "vasXsaA. 

bestos.    The  door  should  close  against  a  taY>bet  s>o  tt&Xo"^ 

tight.     Where  a  door  is  wider  than,  say,  12  \n.,\t  s\vwA^o« 

with  either  wood  or  glass,  to  insure  against  distoxtvflv  to* 
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ing.  A  space  of  i  in.  should  be  allowed  between  fuses  and  the 
door.  A  reliable  catch  should  be  prodded  on  the  door.  Porce- 
lain tubes  or  bushings  should  lie  used  for  insulating  where  wires 
enter  the  bos,  and  should  lit  the  holes  snugly.  Where  necessary, 
wires  should  be  taped  so  as  to  completely  fill  the  holes  in  the  bush- 
ings. Bushings  readmit;  .ki=l  1"  the  inside  of  I  he  box  should  be  used, 
as  longer  ones  will  be  broken.  It  is  recommended  thai,  for  factory 
•use,  the  top  of  the  box  be  slanted  as  at  III,  so  that  it  will  not  be 
used  as  a  shelf.  A  bos  should  be  thoroughly  filled  and  painted 
before  it  is  lined. 


1     Front  Elevation 


Several  switches  either  snap  or  knife  can  be  mounted  in  a  bo* 
like  that  shown;  in  fact  it  might  be  used  as  a  panel  box.  A  box 
or  cabinet  similar  to  that  of  Fig.  24  is  often  convenient,  in  that  it 
is  not  necessary  to  open  I  he  door  to  manipulate  the  switch.  The 
heavy  iron  wire  handle  can  be  attached  to  the  switch  by  bending 
it  around  the  wooden  handle,  or  the  wooden  handle  can  be  removed 
and  the  wire  fastened  with  a  nut  or  a  screw  eye.  If  iron  conduits, 
armoured  cable  or  metal  moulding  terminate  in  a  box,  it  should  be 
of  sheet  iron. 

SO.    Tablet  or  panel  boards  are  made  in  many  standard  forms 

and  capacities  to  lit  the  panel  boxes  made  by  their  respective 

manufacturers.     Practically  all  ate  constructed  in  accordance  with 

the  requirements  of  the  National  Electrical  Code.     One  can  be 

reasonably  sure  that  the  construction  of  the  tablet  boards  that 

have  been  appro1,  ed  in  aicordame  with   the  code  will  be  of  good 

construction.     Plain  black   limslu'd  shite  is  probably  the  best  and 

most  serviceable  material  for  a  boa.td  a.n&a.p\in\V,\ti\\ie'iei.xa\v&> 

on  the  cupper  is  probuhlv  its  good  as  any.    Vt.  ftesvetA,  p\«¥, 

outs  arc  to  be  preferred  and  also  snap  wmriua  are  Vwxm* 

"te  switches,  particularly  where  \l\ey  ate  »Vimi«?« 

ton~l   unskilled    electrically.     Tab\et  boards  can  te  a» 
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from  standard  porcelain  fittings,  a 
wood  screws. 

Si.  Panel  boxes  are  cabinets 
cut-outs  and  switches  for  pro- 
tecting and  controlling  branch 
circuits  where  ihey  branch  from 


-11:;1'l-J(i'>I 

inged  to 


The 


ritch- 


board  within  the  box  suppuniri;; 
the  cut-outs  and  fuses  is  called 
the  panel  board  or  the  tablet 
board.  It  has  been  found  desira- 
ble, in  so  far  as  possible  to  group 
cut-outs  in  a  wiring  system  and 


tmViJiy  for  the  popularity  ol  paxieYtoM*-      v    ^ 
e  mad*  without  gutters  (Fig.  »«  'osA^*3, 
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type  are  still  used  to  some  extent.  Their  disadvantage  is  that  it  is 
necessary  to  carry  the  wires  for  each  branch  circuit  lo  a  point  of  the 
box  opposite  the  proper  cut-out.  This  is  often  inconvenient  and 
expensive.  To  obviate  this  disadvantage  panel  boxes  are  now  most 
often  made  with  wiring  gutters  (Fig.  37).  With  this  arrangement 
conductors  can  enter  the  box  at  any  point  on  the  sides  or  top  and 
can  be  carried  in  the  gutter  to  a  point  opposite  the  cut-out. 

Panel  boxes  may  be  of  either  the  flush  or  surface  type  (Fig.  28). 
The  flush  type  is  obviously  preferable  became  it  extends  but  little 
beyond  the  surface  of  the  wall.  Flush  type  boxes  are  always  used 
in  first-class  residence  and  office  building  wiring.  Surface  type 
boxes  are  used  principally  for  factory  wiring  and  for  txiuf 
installations  hi  old  buildings. 


Wring  Butter 


t  Surface  Type 

Fig.  a  8.— Bo; 
Panel  boxes  of  sheet  steel  are  suitable  for  factory  work. 
Darners  in  boxes  with  gutters  are  usually  of  slate  or  marble.  The 
inside  of  a  wooden  box  must  be  completely  lined  with  a  non 
bustible  insulating  material.  Slate  or  marble  \  in.  thick  < 
bestos  board  j  in.  thick  can  be  used.  Where  iron  conduit,  armoured 
cable  or  metal  moulding  enters  the  box  it  should  be  of  painted 
sheet  iron  or  steel.  Hoses  should  he  painted  inside  and  out.  An 
asbestos  or  steel  lining  is  to  he  preferred  because  slate  and  marble 
break  readily. 

The  "trim"  of  a  panel  box  consists  of  the  door  and  the  frame 
in  which  it  swings.  Trims  are  held  to  the  boxes  with  screws  so  I 
they  can  be  readily  removed  for  manipulating  wires.  The  door 
should  close  against  a  rabbet  so  as  to  be  dust-tight.  Glass  panels 
may  be  used  in  doors  instead  of  wooden  ones  and  should  be  at  least 
j  in.  thick.  A  2-in.  space  should  be  provided  between  the  fuses  | 
and  the  door. 

52.     Homemade  panel  boxes  can  be  constructed  where  necessary 
but  it  is  probable  that  it  is  cheaper  to  buy  ready  made.     See  para-    1 
graph  on  Uomtmadc  Sr.-Uch  /Wrs  and  National  Electrical  Code  rules 
regarding  the  construction  of  cut-out  boxes  and.  cabinets.     Figs. 
jt3,   as,   26   and   27  illustrate  the   genets!  cnosWitAsEm  qV  \*su*; 
The  barrier  in  a  homemade  box  can  \jc  cA  -«oa4  m  vtVvav  «»*. 
t  be  covered  on  both  sides  with  V'™-  ^\  »***'"*■  v*'*; 
■ade   box   standard   poicto  cut-^t  ^«xt^S^ 
1  be  used.     They  are  toW.  ■«**.  ««**  *»  ^* 
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bestos  colored  back  of  the  boa,  Heavy  wire  can  be  used  for  bus- 
bars. Fig.  2j  illustrates  the  appearance  of  such  a 
trim  can  be  made  as  shown  In  Fig.  «8,  which  Illustrates  a  box  with 
a  barrier.     One  without  a  harrier  would  appear  like  that  of  fig.  ai" 

MISCELLANEOUS  WIRING  METHODS 

53.  Service  entrances  may  be  made  as  suggested  in  Fig.  ag 
where  the  wires  en  tor  (  ho  at  Lie  and  jj  in  !■  iur.  ,;o  where  the  entrance 
switch  and  motor  arc  in  the  basement.  The  cut-out  (fuse-block) 
should  protect  the  switch.  The  conductors  should  be  bushed 
with  porcelain  tubes  where  they  pass  through  a  wall.  Tubes  or 
conduit  should  be  cemented  in  the  wall.  The  tubes  should  slant 
outwardly  and  downwardly  to  prevent  the  entrance  of  water. 
A  drip  loop  should  be  formed  in 
switch  shoultl  be  arranged  to  dis- 
connect all  of  the  equipment  in 
the  building,  except  the  main 
cut-out,  from  the  outside  wires. 
Where  conduit  is  used  for  an 
entrance  two  or  three  rubber- 
covered  wires  can  be  carried  in 
one  conduit. 


ifeter    Servt 


6/rns  hsulatqr 


54.     A  typical  electric  service  board  is  shown  in  Fig.  31.     (Rides 
and  Regulations  of  the.  Commonwealth  Ellison  Co.). — Service  boards 
are  used  for  installations  of  considerable  capacity.     The  features 
of  the  board  shown  are:     (1)  The  provision  for  the  removal  of 
links  for  meter  testing  and  (2)  the  division  of  the  elevator  from  the 
general  power,  and  the  lighting  from  the  power.     If  energy  is  to  be 
purchased  a  maximum  demand  form  of  contract,  space  and  drilling 
must  be  provided  for  demand  meters.     Service  boards  of  the  gen- 
eral  form   shown   are   required   by   the   Commonwealth   Kdison 
Company. 
g$.     Brief  of  Underwriters'  Rules  Coveting  ^oft  \asV>&sfits>'&.  <*■ 
Switchboards  (Fuctnry  _■!/ idu.il  tin:  insv.ranc.i:  Co'  s  W-vnni'R.vHiV- 
SfvStchboai-ds  should   be  made   of  s\ate  or   maxtte,  ^W^^f1*.. 
metal  frames,  and  should  be  located  wett  away  vtom  comtav^ 
vatenals.     They  should  always  be  open  at  tfie  a4«,  **&■  *•  • 
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of  at  least  i;  in.  should  be  left  between  the  floor  and  the  board, 
and  3  ft.,  if  possible,  between  the  ceiling  and  the  board,  in  order 
to  lessen  the  danger  of  communicating  lire  to  the  floor  or  ceiling, 
and  to  prevent  the  formation  of  a  partially  concealed  space,  very 
liable  to  be  used  for  the  storage  of  rubbish,  oily  waste,  etc.  The 
instruments  should  be  neatly  arranged  and  the  wiring  on  the  back 
should  be  laid  out  in  a  careful  and  workmanlike  manner. 

It  is  recommended  that  all  live  parts,  such  as  bus-bars  and 
other  conductors,  be  protected  against  accidental  contact  as  fat 
as  practicable  by  suitable  insulation,  which  shall  be  ''(lame-proof" 
or  "slow-burning"  and  designed  to  withstand  a  reasonable  amount 
of  abrasion.     The  chances  of  accidents'  short-circuit  and  arcing 
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Pic.  ; 


at  these  points  may  thereby  be  greatly  reduced.  Insulated  cable 
for  bus-bars  and  connections  is  excellent  lor  this  purpose.  How- 
ever, the  conductors  could  be  wrapped  or  taped  if  this  should  be 
found  more  convenient,  but  this  method  should  never  be  used  un- 
less it  can  be  done  well.  Special  precautions  might  also  be  neces- 
sary with  either  method  if  applied  to  high-voltage  switchboards. 
In  addition  to  the  usual    measuring  insl  runietils  and  other  ap- 

Earatus,  the  switchboard  should  contain  reliable  devices  for  testing 
ir  grounds. 

56.  The  following  suggestions  should  be  followed  in  wiring 
far  watt-bour  meters  {Rules  and  Rciidations  of  the  Common- 
aieait/i  Edison  Co.,  Chicago):  Meter  \oorift  sfctfiiAi 'oe  tttwAiiA \^ 
the  mains  at  an  accessible  point,  and.  so  &him«^  ftwt** *-*— 

may  be  mounlid  with  ordinary  wood  sc" 

*>ard  must  be  provided  of  sufficient  a 

1  U  recording    wattmeter  and    maximum  1 


.,,  -.AV.w   VW'\ 
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demand  meters  are  installed  on  three-wire  mains.  Maximui 
meters  will  not  be  installed  on  installations  under  i  kw.  Su 
fitient  space  must  be  provided  about  the  meters  to  allow  the  n 
moval  of  the  case. 

Meter  boards  should  not  be  creeled  on  a  wall  which  is  subjet 
to  any  considerable  vibration,  or  in  places  subject 
moisture  or  heat.  A  pressure  wire  tap  must  be  provided 
cases  where  all  wires  of  the  circuit  are  not  looped  out.  On  three- 
wire  mains  the  pressure  wire  tap  must  be  made  o 
wire.  The  general  arrangements  of  meter  loops  should  be  such 
that  a  meter  can  be  installed  wii  hoisi  crossing  any  wires,  if  possible. 
If  this  is  impracticable,  sufficient  flexible  tubing  should  be  left  on 
the  wires  to  make  possible  ;i:i  instillation  which  will  be  in  accord- 
ance with  the  wiring  rules. 


laApartrnenfVi        ToAparfmenfG    i 
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Meter  loops  should  not  be  plated  above  7  ft.  from  the  floor, 
and  should  lie  as  near  the  point  of  entrance  of  Ihe  service  as  possi- 
ble. In  ollice  buildings  meter  loop:-  diouM  be  located  at  a  central 
point  in  meter  closets  or  public,  corridors,  and  in  apartment  build- 
ings in  the  basement  of  ihe  building,  so  that  meters  may  be  installed 
and  maintained  without  annoyance  to  tenants. 

Meter  loops  must  be  located  relative  to  fuses  so  that  meters  are 
protected  by  the  fuses.     Sec  bigs.  31  ;nv\  33.     They  must  never 
be  placed  between  the  service  and  I  lit:  service  switch.     Generally 
speaking,  not  more  than  one  meter  installation.  ■Jtivv  \ie  ^rewaiisi 
for  the  same  class  of  service  in  any  one  building. 
Meier  limps  for  service  to  supply   tomimtMV  Y\$iV\tt£  ox  ^Rwex 
■o  ih-u-  built/iux*  during  construction  must  be\ocB\sA  00.  a.«¥»Siwa! 
"-oases.     No  three-win  meters   larger  tYuin  200  0-^.  »e  "^ 
■MtmlUtnas  requiring  meters  of  larger  capacity  w^  V-°sx 


434        AMERICAN  ELECTRICIANS'  HANDBOOK 


with  two  meters,  one  on  each  side  of  (he  three-wire  e 
should  be  allowed  accordingly  in  arranging  meter  boards. 

57.  In  connecting  Edison  plug  cut-outs,  they  should  always  be 
so  arranged  that  the  screw  shells,  which  extend  beyond  the  porce- 
lain, will  not  normally  be  alive.     Fig.  34,  /  and  //,  show  the  right 


:    ism.  I    ! 


^rykcfrojnSftyef 


To  Apartments 


and  wrong  methods.  If  connected  incorrectly,  there  is  c 
danger  of  short-circuit  or  shock  when  men  are  working  about  the 
cut-outs  with  bare  wire  ends  or  tools.  Some  makes  of  plug  cut- 
outs arc  so  constructed  that  the  porcelain  is  higher  than  the  screw 
shell  which  is  thereby  protected.     Such  cut-outs  would  be  properly 


connected  as  shown  in   cither  I   or  II   and  *mM  \Xeie.\.«tt\* 

elected  where  possible.      (Electrical  World,  TAt*s  *,.i<4«^ 

58.     la  protecting  reinforcing  conductors,  vta  1*  ™  v''A^ 
pnductors  that  are  to  operate  in  patattA  wtfk  w^""  *"*" 
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installed,  the  methods  illustrated  in  Fig.  35  may  be  used.  Where 
small  wires  are  involved  and  are  so  located  as  to  be  apt  to  be 
broken,  each  reinforcing  wire  should  be  protected  with  its  own 
cut-out,  as  shown  in  /.     Where  the  wires  are  heavy  and  not  liable 

to  breakage,  both  the  reinioriitii;  uinl  the  reinforced  wire  can  be 
aiiititc! Li!  in  parallel  and  can  be  protected  hy  one  fuse,  //.  If 
the  method  of  //  were  used  for  the  conditions  recommended  for 
/,  one  of  the  wires  might  break  and  (he  remaining  one  would  be 


gigs 


protected  by  a  fuse  too  heavy  for  it.  It  might,  therefore,  become 
overheated  and  cause  a  fire.  Where  at  all  feasible,  the  method  of 
II  should  be  used,  because  with  that  of  /  there  is  apt  to  be  unpro- 
portional division  of  current  between  the  two  conductors,  due  to 
differences  in  contact  resistance  at  the  terminals. 

50.  A  single-pole  switch  should  never  be  cut  in  the  neutral 
wire  of  a  three- wire  system  because  the  neutral  is  usually  inten- 
l  km  ally  grounded  :md  with  a  switch,  cut  in  the  neutral  wire,  open, 
(he  path  to  ground  may  lie  destroyed. 

60.  A  three-wire  to  two-wire  change-over  switch,  or  as  it  is 
sometimes  called,  a  break-down  switch,  is  connected  as  in  Fig.  36. 
Such  a  switch  is  used  when  it  is 
necessary  to  feed  a  three-wire 
system  from  a  two-wire  or  from 
a  three-wire  source  of  energy. 
Where  such  a  switch  is  installed 
the  neutral  of  the  three-wire  sys- 
must  have  an  area  equal  to 
.  .  ium  of  the  areas  of  the  two 
outside  wires  because  when  oper- 
lling  from  a  two-wire  source  the  current  in  the  middle  wire  will 
!iie  twice  that  (assuming  the  system  to  be  balanced!  in  eUhsi  it 
ihe  outer  wires.  If  arc  lamps  are  used  on  such  a.  VNmjc-'wwsjs.'wsiai 
hey  must  all  be  connected  between  the  nsvrtnl  mX  a.  wawsB.  ™ 
r  the  initsMc  Hires  or  some  special  scheme,  ol  cvXvnctWwv  tkvsh! 
opted.  If  they  are  not  so  connected,  m.bwie  w\\\>eiw 
"  the  chmge-over  switch  is  thrown. 


Snap  Strife 
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61.     Connections  are  sometimes  reversed  in  double-pole,  si 
switches,   even  by  experienced  wiremen.     Many  makes  of   : 
switches  "cross-connect"  (Fig.  .ir),  that  is,  the  contact  h"  " 
the  switch  is  closed,  connects  each  terminal  with  the  one  t 
opposite.     If,  through  error,  the  leads  are  connected  ai 
'  circuit  may  be  established  through  the  switch. 

Single-pole  switches  are.  permitted,  by  the  Underwrite 
on  circuits  carrying  loads  n< 
ceeding  600  watts  ai  pressure: 
exceeding  300  volts.     This  g 
a   maximum  permissible  c 
of  3  amp.  at  aao  volts,  or  t  __ 
at  no  volts.     With  these  Ion 
single-pole  swi  tches  will  give 
sen-ire   in   residences   when 
circuits   are   not   apt  to  be  dis- 
turbed, but  in  industrial  plants, 
Fie,  37- — Snap  switch  connections,      siii^le-polc     switches      may    givt 

trouble,  as  described  below,  and  I 
it  is  good  practice  to  use  double-pole  switches  in  such  install*-  | 
tions  where  reliability  of  service  is  important. 

63.  Single-pole  switches  may  cause  trouble  because  they  o| 
but  one  side  of  the  circuit.  For  example  (Fig.  38  /),  if  o 
of  a  two-wire  main  happens  to  be  grounded,  a  ground  on  : 
of  opposite  polarity,  on  a  branch  circuit  controlled  by  a 
pole  switch,  will  form  a  closed  circuit.  If  the  grounds  arc 
liciently  low  resistance,  enough  current  will  (low  to  light  the  laffl) 


Smfcfi, 


Gun-act  Location        Incorrect  Location 


i.  38.— Con 


even  with  the  switch  open.     If  the  resistance  of  the  ground* 
high,  not  enough  current  "ill  flow  to  light  the  lamps.     Furtt 
more,  with  Lonilii  ions  ;i.-shtjwn  a;  !.  if  a  «  i renin n  ne,  Mentally  (inn 
a  wire  of  the  -f-  side  of  the  branch  circuit  to  any  grounded  0' 
Such  as  a  gas  pipe,  a  short-circuit  would  result. 

64.  Single-pole  switches  in  two-wire  branches  from  t 
wire  mains  should  not  be  inserted  in  the  branch  wire  conn, 
to  the  neutral  wire  of  the  three-wire  system.  (See  Fig.  38,  //  1 
///.)  The  neutral  of  a  three-wire  system  is  usually  pcrmane 
grounded  at  the  central  station  as  well  as  elsewhere,  and  with 
switches  in  a  neutral  branch  wire  (1111,  taewtaVia  mmc  a^v  \»<s 
than  when  the  switch  is  in  the  olher  \jr.mc\v  Viie,  as  sA  II. 
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C5.  Where  the  switch  must  be  at  the  opposite  end  of  a  n 
■«m  the  entrance  the  wiring  should  be  arranged  as  shown  al  ' 
U,  7/  rather  than  .as  at 
The  method  of  /  re- 
hires four  wires  the 
:nglh  of  the  room  while 
t»at  of  //  requires  but 

66."   Wiring  for  a 
^ffitch -controlled   light- 
coin     another     ■ 
rtkh  is  also  controlled 
•y  a  switch.     Three  methods 
■£  1,  when  th< 


Srtinguished  also, 
main  or  the  branch 
the  arrangement  of  // 
requires  four  wi 
length    of    the 
While  that   of   III 
quires  hut  three 

67.  Where  each  half 
of  the  lamps 
Ernst  be  controlled  in- 
dependently the 
method  of  .  Fig.  41, 
"which  permits  of  such 
control  with  minim 
■•wiring,  can  be  used. 


Otaf-f^gfZ^* 

'J- Crowfoot 

^.^rXm  — 

\ 

mHf~, 

• 

ir-proof  globe  on  pips  hanger. 


(.Fig.  41)  ini  ssp^ottft* 


.  pipe-hanger,  wired  with  approved  rubber-insulated  \r 
soldered  directly  in  the  cm  nil.  The  upper  end  of  the  pipe  shm 
be  sealed  with  compound  if  the  room  is  damp. 

69.  In  fastening  cords  in  sockets,  some  precaution  should  b   b 
taken  to  prevent  stray  strands  of  wire  from  coming  in  coal 
with  metal,  and  thereby  causing  short-circuits  or  grounds.    Tl 
can  be  accomplished  by  dipping  the  bared  conductor  of  them 

in  molten  solder  before  it  is  made  up  tinder  the  binding  sat   C 
Strips  of  tape,  about  i  in.  wide,  torn  from  wider  pieces,  are  5011 
times  wound  aboin  the  hraid  at  the  end  of  bared  cord,  to  prevt 

^ ampCordyTape.-' So/dere c/Conducf&rt      jg-Socket  Scrvrn 

YiiiflTl' ™'''  S^CEt'''  l&S^r    iSsBJii 

Cidthese  off-''         jj  m    Tape 

TapedCord  End  I  Screw  Twisted  1 1 

Fig.  Ai.— Method  of  connecting  flexible  cord  in  st 

the  braid  from  unraveling.     See  Fig.  43.     A  good  method  of  la 
ing  a  cord  in  a  socket  (Fig.  43,/,  //and  III),  is  to  cut  half  of  th" 
duclor  away,  twist   the  rcmiiiniiu,'  slramls  into  a  little  ca" 
then  make  it  up  about  the  screw.     Tape  should  be  applied  a 
(FJeclrkal  World,  May  4,  1012.} 

70.  Insulating  joints  {Electrical World,  June,  sg,  191a)  ai 
to  insulate  lis  lures  from  frrniiiidal  |>art.s  of  a  building.      The  wi. 
spaces  within  fixtures  are  so  confined  that  grounds  are  very  1 
to  occur  in  them.     If  the  fixture  is  insulated  from  the  gr    " 
parts,  one  ground  within  it  is  not  liable  to  do  harm.     Fig.  4. 


e  insulating  joints.  That  at  /  is  used  for  combination  gas  and 
eleclrin  fixtures.  It  has  a  hole  through  it  to  permit  the  pas^E^ 
"of  gas.  That  shown  at  II  is  for  electroliers,  and  has  no  hi 
through  it. 

71.  In  insulating  combination  fixtures,  the  insulating  join 
should  be  located  as  near  as  feasible  to  the  ceiling,  and  the  *in 
ends,  left  after  connecting,  should  never  be  twisted  around  (J» 
supporting  pipe  above  the  joint.  (Sec  Fig.  45.)  Flexible  iubi« 
IS  required  on  the  wires  in  knob  and  tube  mil;  ami  i!  should  " 
tend  to  below  the  joint.  The  Code  requires  that  the  pipe  abOT 
the  joint  be  protected  with  insu\a\.m&  w\jto^,  ■w\ok!&  waq 
a  h envy  wrapping  of  tape  or  circular  torn, 
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.  Fixtures  can  be  supported  in  frame  buildings  by  the  method 
g.  46.  A  wooden  slrip  or  deal  should  be  fiislcncd  just  above 
ath  during  the  construe!  ion  or"  the  building  to  lake  the  screws 
i!d  a  canopy  block.  The  wooden  canopy  hlock  supports,  with 
,   the  fixture  crow-foot  and  insulates  the  canopy 


IS-—  rnsub.tin.i;  ii.iiit  far  a  com-         Fig.  46.— Electric  fixture  support. 

the  ceiling.  A  screw  book  turning  into  a  joist  i^'ig,  47)  can 
•cd  for  sustaining  heavy  future-  in  frame  buildings.  A  special 
nting  joint  having  an  eye  is  screwed  on  the  fixture  stem  to 
ate  the  fixture  from  the  ceiling  or  a  chandelier  loop  can  be 

on  a  regular  insulating  joint.     In  fire-proof  buildings,  where 


lust  be  erected  after  the  building  is  completed,  an  iron 
(Fig.  48)  held  to  the  surface  of  the  ceiling  with  a  couple  of 
;  bolts  can  be  utilized  for  supporting  a.  fikuttc.     k.  ¥^ft  *a>i 
it  nipple,  turning  into  a  threaded  ho\e  in  the  sua.?,  ta!«je&*>& 
!  of  the  iixture. 
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73.     Fixture  canopies  can  be  insulated  from  ceilings 
with  commercial  canopy  insulators,  of  which  there  are  m; 
on  the  market.     Canopies  are  usually  supplied  already  fittti 
iiisulaling  rings  t>y  lln:  lixlure  inanuhciurers.      Where  cano 
IktOIS  must  be  "home-made,"  the  method  of  Fig.  49  or  tha 
50  may  be  followed.     In 
a   ring  of  fiber  formed  ' 
sheet  material  is  bent 
interior  of  the  canopy,  a 
therein  with  wires  or  sm 
The   ring   should    extent 


HEB 


above  the  top  edge  of  the  canopy.     Another  cane 
crimes   termed   a  "bug"  insulator,  can  be  sawed"  from 
fiber,  as  shown  in  Fig.  50.     The  upper  edge  of  the  canop; 

qawed  In  Till-  "hiu'.'h       Ap   le:i';]    Ihrj'i'  *;nrh  insula  Tnrc  * 


hole  in  the  insulator,  and  one  in  the  canopy,  holds  each 
position.     This  method  of  Fig.  50  is  not  approved  by  the 
writers,  whose  rules  require  that  the  entire  edge  of  the  I 
insulated. 
74.     Wall  or  partition  outlets  in  anjoinin^  lootns  Ak 
be  located  opposite  one  another  (Fig.  Si^.-Afi  j,eoetii. 
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both  switch  and  fixture  outlets.  The  reason  is  that  in  nearly 
ry  case  a  considerable  amount  of  wiring  can  be  saved  by  follow- 
this  construction.  This  applies  to  conduit  as  well  as  to  knob 
I  tube  wiring. 

g.  A  method  of  making  up  a  ground  wire  where  it  is  to  be  con- 
ted  to  a  pipe  and  no  ground  clamp  is  available.  A  length, 
sibly  3  ft.,  of  the  ground  conductor  is  ■'skinned"  and  carefully 
iped  or  cleaned  with  fine  sandpaper.  The  pipe  on  which  the 
nection  is  to  be  made  is  filed  britdit  and  i  lean  for  a  distance  of 
sral  inches  and  "tinned"  ii  the  connection  is  to  be  soldered. 
:n  the  bared  end  of  the  conductor  is  arranged,  on  the  brightened 
lion  of  the  ground  pipe,  as  indicated  in  Fig.  52,  /.  The  free 
.of  the  wire  (c,  c,  c)  is  then  served  around  the  pipe  as  suggested 
7,  and  the  free  end,c,  of  the  wire  is  passed  through  the  loop  B 


Pipe  Forming  Ground--1  Pipe  forming  Ground- 

I  First  Step  I  Ready  to  Pull 

Fig.  51.— Making-lip  a  ground  wire. 

s  end  A  is  then  pulled.     This  draws  the  loop  Ii  and  the  end  c 

lightly   against  the  other  turns  and  effectively  prevents  the 

pping  from  unwinding. 

1  an  actual  connection  the  [urns  on  the  pipe  arc  wound  closely 

;tner.     They  are  shown  scpa  rated  bet  I  cr  to  illustrate  tile  method. 

i  connection  can  be  soldered  with  a  blow  torch  and  wire  solder 

,g  ,1  paste  llux  or  by  pouring  ntolicn  solder  over  the  connection 

ii  it  is  hot  enough  for  the  snider  to  adhere. 

,'here  soldering  is  not   feasible  the  connection  can  be  wrapped 

1  a  couple  of  layer;  of  tin-foil  and  then  with  several  layers  of 

don  tape.      These  layers  c\elude  moisture  and  prevent  oxidb.a- 

.     One  of  the  large  telephone  companies  has  used  the  tin-foil 

tape  method  on  many  hundred?  of  ground  connections  for 
phone  subscribers'  stations  with  excellent  results.      The  tin-foil 

tape  should  cxiend  along   1 1 1 1    pipe  for  several  inches  on  each 

of  the  conned  ion  and  should  be  wrapped  firmly  so  that  they 

form  a  moisture-proof  jacket. 

S.  Knobs  and  Methods  of  Supporting  Conductors  on  Them.— 
ibs  for  supporting  conductors  in  interior  work  are  of  porcelain, 
t  knobs  or  cleats  should  be  used  for  supporting  conductors 
Her  than  No.  8  B.  &  S.  gage.  Some  methods  of  securing 
's  to  knobs  arc  shown  in  Fig.  5.5.  The  line  tic  of  I  is  made  by 
ding  the  conductor  once  around  (he  knob  so  both  ends  of  the 
;  must  lie  under  tension  to  hold  the  wire  in  position.  A  tie- 
i  is  used  at  //.  In  making  up  the  tie-wire  the  slack  can  be 
wn  out  of  tbe  conductor.  A  deadend  or  termina-lion. i=,  =>Wjii\ 
VI.  Where  it  is  necessary  to  change  the  AvricAxow  ol  ^.Tmyi 
■he  conductor  to  an  outlet  or  for  any  ca\\«  wasw,  vs.^**8* 
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Conductor  ^  ^ 
Tap  Ties 


77,  Tie-wires  must  have  an  insulation  equal  to  that  of  th 
conductor*  they  confine  and  may  be  used  in  connection  with  soli 
knobs  for  the  support  of  wires  of  size  No.  8  or  larger. 


«*/*, 


EXPOSED  KNOB  AND  CLEAT  WIRING 

ised  knob  and  cleat  wiring  is  one  of  the  cheapest  an 

best,  method:!  when  pn.ipi.-r I y  in.-i;d!cd  [Sn<iitl,ir,l.  Hiimtbook),  . 
finds  wide  application  in  factories  and  milk  and  in  pL. 
appearance  is  of  little  consequence.  It  is  alto  used  for  runnir 
' -edi-rs  in  tunnels  and  in  specially  built  feeder  shafts  in  firepro 
uildings.  The  wires  may  be  rubber-covered  or  provided  with 
flow-liurniiiK  weather- proof  installation.  Slow-burning  wire  is 
not  be  used  in  cellars,  basements,  under  roofs  or  in  other  plac 
exposed  to  moisture.  The  wires  must  be  supported  at  leusl  eve 
4I  ft.,  except  in  mill  buildings  where  a  support  on  each  beam  mi 
be  approved  for  wires  No.  S  and  larger  if  they  are  separated 
least  6  in.  The  wires  must,  in  dry  places,  be  separated  i  in.  fro 
the  surface  wired  over  and  spaced  -ji-  in.  apart  for  voltages  below  30 
Above  300  volts  and  up  to  550  volts,  the  wires  must  be  separtS 
from,  the  surface  wired  over  by  at  least  r  in.  and  must  be  span 
4  in.  apart.  In  wet  places  wires  must  be  at  least  1  in.  from  surhi 
wired  over  for  voltages  below  300. 

7Q.  Mechanical  Protection  oi  EToosfcd  Surface  Wittne,— T 
vires  must  be  protected  on  iMi:  \\a\U  Itw.:  mi  c\ra™ -A 'm'viv;  ■.-, 
■hen  crossing  floor  timbers  in  ceUavs  or  vo.  tombs,  -w\\ct<:  "Aw^  w 
be  disturbed  (Fig.  54),  the  wires,  must  \*  avt^Vci ^  to 
-'-ting  supports  to  the  under  side  oi.  o.  ww.i^iwv^  ox    ^ 
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sard"  not  less  than  J  in.  thick  and  3  in.  wide.  Instead  of  running 
nards,  guard  strips  on  each  sido  of  ;ind  dose  to  the  wires  may  be 
ibslltuted.  The  strips  should  lie  at  least  J  in.  thick  and  should 
2  as  high  as  the  insulators.  The  wires  should  also  be  protected 
y  porcelain  lubes  when  passing  over  pipes  (Fig.  55)  or  any  other 
members. 


80.  Suitable  protection  on  side  walls  should  extend  not  less 
han  7  ft.  Iroru  the  floor  (Tig.  56).  This  may  consist  of  substantial 
losing,  providing   an   air  space  of   1    in.   around   the   conductors, 


.   .--,-e  is  used,  the  ta»&B&Qfi  *&  c<.Oft. 
r  be   reinforced   by    approved  llcxitte    tnHwi  ea\.<e«w4x«fc 
1  the  insulator  next  below  the-  pipe  to  the  erne  m«X  ^Q?f  £ 
re  smgte-braid   rubber-in  sti la  ted   wire  is  u&e4  vn  t«n.&»>-  W 


ible  tubing,  if  i:arryiiikr  alternating  ci! 
current,  may.  be  pl.t'  id  within  the  same  pipe, 
wooden  boxing  may  l);1  piviVrab'<;  bri-ause  of  I  hi'  precautions  whir 
would  be  necessary  to  secure  proper  insulation  if  pipe  were  usm 
With  this  exception,  however,  iron  pipe 
TOiisitleri'd  |.rrfi'r.ihlv  to  wooden  boxing,  ar. 
its  use  is  strongly  urged.  It  i.-f  especial! 
suitable  for  the  protection  of  wires  n« 
bells,  pulleys,  etc.  Fig.  57  shows  an  outli 
aJrangement  for  use  at  a  fluor  that  can  I 
made  with  a.  square  conduit  outlet  box. 

81.     Where    conductors    pass    throng 

floors,  walls  or  partitions  theyYnusl  abrei 

be  protected.      Open-\V"rk  wires  can  be  pn 

tccted  with  porcelain  tubes  (Fig.  58).    Tl 

tube  or  bushing  must  be  long   enough  1 

bush  the  entire  length  of  the  hole  in  01 

continuous  piece  or  else  (be  hole  must  fir 

be   bushed   by   a   continuous    water-pro 

S£ng«  ■      "'"'■'■  ■''■''-    '■■■■":    ''"'   '  '■'"dni-i.-r.sin 

as  iron  p\\w  .  W.'.  w  'Ava\.  co.'**  'iXvvrvsx&Kw 

bushing  must  be  pushed  into  each  end  olvt,  erAcri&o?,  \.w  «oa 

to  keep  the  tvire  mIj*>IuU-1v  ™t  'A  uvn\a.ct  «\\Vl  v\\c  v*^ 

*».    A  tube  for  protecting  a  wie  ***«  *  5J^J  ?  ' 

should  always   be  so  placed  that  the  tube  -*n\\  ^ 
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protected  wire  against  the  surface  supporting  the  conductors, 
the  tube  should  always  lie  on  the  inner  wire  (Fig.  5a).  It  placed 
3n  the  outer  wire,  the  tube  may  force  the  unprotected  wire  against 
lie  surface  as  shown  in  Fig.  jg,  /.     (Electrical  World,  April  6, 191*.) 


Witti  Hon- Continuous  Tubes  WrlhtontmuoiJsTube 


S3.  A  method  of  supporting  open  wiring  in  concrete  buildings 
is  shown  in  Fig.  60.  A  round  jirouve  of  ,|-in.  radius  is  cast  in  the 
faces  of  the  beams,  by  having  fin.  half-round  molding  nailed 
in  the  forms.     Wrought-iron  yokes  are  bent  to  fit  the  grooves  a: 


Tube''      Section     J 

L-  Overtures 

1          *          1 

\\\  ,: 

1        §T 

f  Inner  Wire"  J 

shown,  and  J-in.  bolts  clamp  them  In  position.  Although  mold- 
ing and  conduit  is  shown  supported  in  (lie  illuslrulion,  wooden 
blocks  can  be  bolted  to  the  yokes  and  thereby  open  wiring  c; 
supported. 

Concrete 


84.  Methods  of  carrying  exposed  wiring  ait«ui&  an.4  "Seawa^. 
?ams  are  illustrated  in  Fig.  6r  which  shows  the  V.vfcie  otA-  At'^ 
ranffemmfj,-.  ln  Fig.  02  are  shown  some  laefeois.  V\vM.  w  ^ 
d  when  wires  are  supported  on  knobs. 


" 
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Fig.   63.— Dead- 


t.41 
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85.  The  method  of  dead  ending  on  a  cleat  at  the  end  of  a  rut 
llustrated  in  Fig.  &j,i.  Alter  the  wire  is  passed  through  the  groove 
he  free  end  is  given  several  short  turns  around  the  line.  Where 
i  long  run  is  lead  ended  it  is  often  advisable  to  so  fasten  two  s 
if  cleats  that  one  hears  against  the  ether  so  that  both  will  assu 
he  strain  as  shown  at  //. 

86.  Rosettes  for  open  surface  wiring  are  used  to  connect 
Irop  cords  for  the  incandescent  lamps  to  the  branch  circuits, 
osette  with  protected  (concealed)  con  Lie  l  lugs  is  preferable  to  i 


Screw  tfo/es  v 


with  exposed  lugs.  Fig.  64  shows  one  good  type.  Another  g< 
method  of  supporting  drop  cords,  particularly  where  there  is 
vibration,  is  with  the  ceiling  button  described  in  5  and  illustrated 
in  Fig.  70  A. 

87.  Switches  can  be  supported  in  exposed  surface  wiring  a 
shown  in  Fig.  65.  Small  portrluin  l;n<jbs  m.iy  be  used  to  support 
the  switch  (Fig.  65,  7),  which  permits  of  the  conductors  being 
brought  through  the  back  of  the  switch  without  touching  the 
'Lippiirting  surface,  however,  this  mellind  is  not  approved  by  the 
National  Code.  Or  the  switch  can  be  mounted  011  a  commercial 
porcelain  switch  block  (Fig.  65,  //),  which  is  an  approved  method. 


88.  The  different  approved  methods  of  exposed  surface  wiring 
s  arranged  in  a  building  of  mill  construction  are  illustrated  if 
'ig.  61.  Which  method  should  be  used  in  any  particular  case  i 
.  matter  that  is  largely  determined  by  the  size  ol  wire  involved  and 
ither  local  conditions. 

89.  In  steel  mill  buildings  heavy  coaduttOTa  mas  ^>B  wtokA. 

1  the  lower  chords  of  the  roof  trusses  (Fig-  6t>>-    ^^  ^  *  *»ws&' 


- 

local 
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the  conductors  are  out  of  the  way  and  not  liable  to 
dislurlxa.l.  At  cadi  truss  the  conductors  can  be  supported  by  o 
of  the  methods  illustrated  in  Fig.  67.  With  the  method  of  Fig.  67, 
thi'  c<>iii!iii-|.'>r  ni'.Tcly  rial's  in  the  insulator  and  the  entire  lon| 
tudinal  strain  is  taken  by  strain  insulators,  attached  to  tighteni 
tumbuckles,  at  the  ends  of  the  run.     This  method  has  t 


disadvantage  that  ii  thi'  mm  lite  tor  hri'aks  at  any  point  or  is  burnt 
in  two  it  will  fall  to  the  floor.  The  tie-wire  method  of  II  it  seldom 
used,  though  it  is  satisfactory  if  cleats  are  not  obtainable.  (Split 
knobs  or  cleats  must  be  used  for  conductors  smaller  than  No.  8.) 
The  cleat  and  through-bolt  method  of  III  is  probably  the  best,  nil 
things  considered.  After  tic 
Leather Htosfier  conductor  has  been  drawn  taut 
with  the  tightening  bolts  at  91 
ends  of  the  run  the  cleat  bolts  art 
tightened  and  each  cleat  then  as- 

wires  which  are  unreliable  and 
which  may  cut  into  the  insulatini 
of  the  conductor 
Leather  washers  should 
between  the  insulator  and  boll  tn 
prevent  breakage.  Material  that 
follows  on  StcelMill  Building  Wir- 
ing 13  largely  irom  an  articlein  the 
P~ri~?mji  Southern    Eiecltician,   December, 

U"!]ffl  ,0I2>  by  tht  compiler  of  this  book. 

%r^P  90-     For  supporting  conductors 

r^y^t  on    steel   angles    the    Universal 

■a,,.  M TT_i™™ii r_.,.i=. ~... Insulator  Support   (Figs.  68  and 

6g  and  Table  gi)  ia  a  convenient 

fitting.      It  is  of  malleable  iron 

aaw>oited.)r       "     °'     "e   °         and  can  be  clamped  on  the  flanges 

of  steel  beams,  angles,  channels. 

Z-bars,  and  on  round,  square  and  flat  bars.     It  can  be  also  attached 

,'u  a,:~  ;nui  aatcr  pipes,  and  to  '. V. ■..-  eil^ea cfi \\V.iVe^ai\i\.ari*.5..   Tiki 

insulators  can  be  fastened  to  each  support  \v\ven ticmssxtj .    C\»j- 

pointed,   case-hardened  set   screws  are  used,    Y-eaWex  Mn&m 

should  be  used  under  the  bolts  tfcat \w\4 xte  mw&a'WK*. 
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91.    Dimensions  of  Universal  Insulator  Supports 
(Sleet  Cily  Electric  Co.,  Pittsburgh,  Pa.) 
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3,  Is  a  good  arrangement.  The  board  must  be  coS-  a*'*-  '° 
'[  t  'I"?  £efltfs  in  £he  column.  Strap  iron  c\ea.\S  \fcV»M 
be  hook-bolts  pass  prevent  warping  and  ap\V«5»%. 
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93.     Wire-racks   are   used   lo   support   conductors,  p 
heavy  ones,  where  there  are  many  conductors  in  tf 
conductors  should  have  flame-proof  or  slow-burning  ir 
wire-rack  can  be  made  of  wood  fashioned  into  a  frame* 


what  along  the  lines  of  the  sted  oTiei  o\  T\^.  ~,\  otA  -,i.  ^ 
cleats  insulating  the  conductors  a.te\ie\&  to  Vnetara 
screws  or,  preferably,  with  raa&\m 


r  =,\.ove\>iiVss-     koiioffli 


,«*.  ,.ck  with  a  ca.t-tam  b».«  t«  fS^Sv^S 
»  shorn  in  Fie.  ,».     Ger.en.Bv  »  BeeVtaiM o»i  « 


*  shown  in  Fig.  73.     Generatty 


c=t.  4}  INTERIOR  WIRING  451 

oden  one.     The  rack  of  steel  angles  of  Fig.  71  was  designed  for 
tallation  in  the  top  of  a  pipe  tunnel.     The  insulators  are  held  to 

=  cross  angles  with  bolts  with  a  leather  washer  under  the  head 

«ach.     The  structural  steel  rack  of  Fig. 

sporting  from  a  ceiling.     Angle  cross-arms 
the  cross-arms  can  each  be  formed  of 

oironslrapsasat/.     With  the  two-strap 

!  ihod,  drilling  for  the  cleat  bolts  is  Utinec- 

■ary  and  the  cleats  can  be  shifted  along 

s  arm  into  any  desired  |>osili'm  and  there 
snped  fast.  Strain  insulators  engaging 
turnbuckles  or  tightcning-bolts  should 
used  at  the  ends  of  each  straight  run  to 

lumc  the  strain  and  to  provide  for  light- 

I  ng  or  else  the  arms  and  cleats  at  the  run 
is  should  he   reinforced   to   assume   the 

ess  that  will  come  on  them. 

34.    Methods    of    Terminating    Heavy 

wductors. — At  the  ends  o£  all  important 

En-wire  runs   of    wires  larger  than,  say,.  tla   "■^k'u"^™1 

►  .  8,  strain   insulators  engaging  in  some 

re- tightening  device   should  be  used.      Fig.  74  illustrates  some 

Elhods.       Either    lij;hleTun^-i)»its    or    turn  buckles    tan  be  used. 

Le  insulator  may  be  of  the  Lype  e<ieniively  used  in  trolley  line 

Instruction  as  in  /,  //  and  III,  or  it  may  be  a  heavy  knob  {IV), 

14   to   the   tightening   device   with   stout  wire.      Where  a  run 

anges  direction  a  cable  damp  (see  index  for  a  further  descrip- 

Cleat] 


Two  Cleat  Support 
Fie.  76 


Weaffierpraof..  . 
Socket  .__ 

SplitKnob  Support 
•eatherproof  pendant. 


1)  can  often  be  used  with  economy,  particularly  with  large  con- 
ctors.     Where  a  cable  clamp  is  used  it  is  unnetess&if  Vo  caX.  "Cnsi 
iductor  to  change  its  direction  and  the  necessiv-j  ol  im&Vv&v'1^ 
vs  about  the  line  wire  as  in  /  and  U  is  e\imv\aA.ei. 
F._     Water-proof  Pendants   {Factory   Mutual  Wiring.  KuWy— 
ucMudeacent   lamps    in    wet    places,    appwwei    ^w-^** 
*  shouid  b*  "»ed.     These  sockets  should  \>=  was*****  ^ 
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separate,  stranded,  rubber- covered  wires,  soldered  to  Lhe  soclttr 
leads  and  also  to  the  overhead  wires.  Where  ibe  pendant  is  over 
3  ft.  long,  the  wires  should  be  twisted  together.  The  entire  weigh! 
of  the  pendant  should  be  borne  by  cleats  or  some  other  independent 
means,  in  order  to  prevent  any  strain  on  the  connection  to  the  over- 
head wires.     (Set:  lies.  75.  76  and  77.) 

96.  In  wiring  in  damp  places  such  as  in  dye  houses,  stables  anil 
breweries,  wires  should  he  rubber  insulated,  and  separated  at  least 
1  in.  from  the  surface  wired  over,  prefera- 
bly by  knobs.  Solid  knobs  are  preferable 
to  split  ones,  because  there  is  mure  liability 
of  current  leakage  to  the  screw  of  a  split 
knob.  They  should  Ik-  separated  by  at  least 
aj  in.  for  voltages  up  to  300  and  4  in.  for 
voltages  up   to  600.     Greater  separations 
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are  preferable.  Conductors  on  side  walls  should  be  protected 
preferably  with  well-painted  wooden  boxing  (see  89),  but  conduit 
can  be  used.  Molding  is  not  permitted  in  damp  location! 
Sockets  and  other  fittings  in  such  places  should  be  designed  to 
withstand  moisture. 

97.  Where  conductors  cross  damp  pipes  they  should  be  carried 
over  rather  than  under,  so  that  drippings  will  not  strike  the  wires, 
Porcelain  lubes,  seal  rely  lapi-.l  to  '.be  conductors,  should  be  piactd 
on  the  conductors  over  the  point  where  they  cross. 

g8.  Sockets  for  damp  places  should  be  of  porcelain  and  hard 
rubber,  or  composition  weather-proof,  or,  as  they  are  sometimes 
called  "water-proof"  (Fig.  75).  Unless  made  up  on  ii.ttures  they 
should  be  hung  by  separate  stranded,  rubber  insulated  wires,  not 
smaller  than  No.  14.  E.  &  S.  Rage,  which  should  preferably  be 
twisted  together  when  the  pendant  is  over  3  ft.  long.  The  leads 
furnished  in  wenlhcr-proot  sockets  are  6  in.  or  S  in.  long,  but  longer 
ones  can  be  supplied  on  special  order.  The  socket  leads  should  be 
soldered  direct  to  the  circuit  wires  but  supported  independently  of 
them.  Fig.  76  shows  a  short  drop  and  f\&.  it  a.  long  one;  both 
figures  illustrate  the  method  01  using  deaAs  to  xcw«e  >0o&  «.«» 
from  lhe  line  conductors.  Water -yttwi  ~.«:\.w-  MtaW-pVef 
Porcelain  sockets  are  easily  btokei.;  \vence,n\\.W£n  «dk« 


not  formally  approved   by  tbe  Uuder-witt^'  ,W^n«& 
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thoroughly  taped  and  coaled  with  water-proof  paint,  a 

used,     wurenot  liable  to  be  broken,  porcelain  sockets  are  the  best. 

99.  Receptacles  for  damp  places  arc  shown  in  Fig.  80.  They 
sire  especially  de^iiei]  to  with*',  and  mijismre.  I  nil  should  always  be 
supported  on  porcelain  knobs.  The  rubber  insulated  leads  extend 
6  or  8  in.  from  the  body.  The  leads  should  be  soldered  directly 
to  the  line  wires  and  the  joint  well  taped. 

100.  Wiring  troughs  are  sometimes  used  in  damp  places. 
(Fig.  78.)  The  troughs  protect  the  conductors  from  drippings, 
but  not  from  water  that  condenses  on  them  out  of  the  atmosphere. 
In  assembling  wiring  troughs,  abutting  edges  should  be  coated  with 


tar  or  with  a  thick  water-proof  paint.  Screws  smeared  with  paint 
should  be  used  to  hold  the  pieces  together  and  the  screw  heads 
should  be  painted.  A  wiring  trough  in  addition  to  keeping  drip- 
pings from  the  conductors,  constitutes  a  mechanical  protection 
for  the  conductors.  The  wiring  trough  serves  the  same  purpose 
as  a  running  board  in  this  respect. 

101.  Porcelain  or  Glass  Petticoat  Insulators  Probably  Form  the 
Best  Support  for  Wiring  in  Damp  Places. — These  are  the  same 
insulators  that  are  used  on  out-of-door  pole  lines.  There  is  apt  to 
be  considerable  electrical  leakage  in  damp  places  with  ordinary 


knobs  and  cleats,  and  the 
coat  insulators  constilui 
supported 


g  creepagc  distance  provided  by  pctti- 
i  good  protection  against  this.  The 
n  thoroughly  painted  wooden  pins  or 
brackets,  which  are  held  by  small  cross-arms  (Fig.  -q).  In  no  case 
■i  -  should  the  insulator  be  mourned  upside  down.  Glass  or  porcelain 
!■  knobs,  mounted  on  a  small  cross-arm,  are  sometimes  usied  in&taul 
a '  nf  insulators,  but  are  not  as  good  from  an  \t\su\a\.wi\  AKbA^ta!^ 
-  The  advantage  ol  mounting  them  on  the  11m  15  \?naX.  »»  ms^ 
separation  from  the  surface  wired  over  is  thus  pTovViei-  ^ 
cross-arm  and  .-1,7  ,/.„„■>  ,sli,p;il(i  {jC  thOTOUtiMv  pamUA  V\"Cn  ^  ,«aJ 
proof  paint  or  tar. 


IOOK 
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loi.  Joints  and  splices  in  damp  plat 
great  care  and  should  be  thoroughly  taped.  A  thoroug 
of  the  tape  wrapping,  with  a  water-proof  compound, 
or  tar,  will  protect  against  the  entrance  of  moisture.  Spl 
be  avoided  in  damp  places,  but  where  necessary,  they 
located  at  some  distance  from  a  point  of  support,  because 
lion  resistance  of  the  insulation  around  a  splice  is  less  thai 
equal  length  of  perfect  wire. 

103.  Switches  and  fuses  for  wiring  in  damp  location, 
if  possible,  be  located  outside  of  the  damp  room  and  ii 
Where  it  is  impossible  to  locate 
them  outside  of  the  damp  mum 
they  should  be  mounted  within 
a  box  that  can  be  kept  dry,  or 
on  porcelain  knobs  (Fig.  81). 
Cabinets  thoroughly  treated  with 
water-proof  compound  are  pref- 
erable to  metal  ones.  A  switch- 
and-fuse  cabinet  similar  to  that 

.  Switch 


kit  Space 


Porcelain 


F10.  81.— Knife  switch  mounted  on  Fie.  8a. — Switch 

porcelain  knobs.  damp  places. 

of  Fig.  82  can  be  made  of  J-in.  stock.     It  is  lined  with 
asbestos  board  and  mounted  away  from  the  damp  wall 
lain  knobs?    The  constantly  burning  incandescent  lamp 
box  dry.     A  glazed  hole  in  the  cover  serves  to  show  the  1 
the  box  hi  a  dark  room. 

104.    Wiring  in.  Packing  Houses. — Moisture,    

corrosive  vapors  are  encountered,  hence,  fuses  and  switch*- 
be  installed  exposed  as  in  ordinary  open-work  wiring, 
also  danger  of  iiicclKii'ik'al  injury   to  ordinary  operi-wc 
Switches  should  be  installed  in  cabinets  similar  to  that  d'_ 
103.     Ordinary  brass  sockets  will  give  trouble;  those  of  t 
type  of  porcelain,  hard  rubber  or  composition  may  be  use( 
wiring  on  knobs  is  usually  preferable  because  of  the  ti 
countered  with  conduit  due  to  corrosion,  even  if  it  is  tl 
painted.     The  rusting  gives  the  most  trouble  at  the  threat 
couplings. 

To  support  ihu  kn'ibs,  blocks  of  wood  impregnated  w 
turn,  tar  or  shellac  are  nailed  to  the  wall  or  ceiling.  " 
provide  ample  clearance  between  the  surface  and  ths 
A  method  of  carrying  conductors  that  largely  prevents 
from  reaching  them  and  the  knobs  is  shown  in  Fig.  7c 


<"  insulating  properties  of  the  lie  kntfos. 


I'ig.  70. 
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105.  Brewery  wiring  is  =  ubji.-cf  to  conditions  similar  to,  though 
esa  severe  than,  [hose  afie  tir  packing-house  installations  and 
11  general  should  be  treated  accordingly.  Conduit  can  be  installed 
:o  advantage  in  many  locations.  In  the  others,  open  wiring  on 
snobs  can  be  effectively  used,  especially  in  (he  compressor  rooms, 
the  wash  rooms  and  in  the  tank  cellars.  Weather-proof  switch 
boxes  of  the  type  herein  before  described  should  be  used  unless 
switch  cabinets  are  installed. 

106.  Wiring  in  Flour,  Cereal  and  Planing  Mills. — Switches  and 
fuses  should  be  installed  in  dust-tight  cabinets,  as  should  starling 
rheostats  for  the  motors.  There  are  on  the  market  dust-proof 
switch  cabinets,  starting  boxes  and  other  appliances  which  should  be 
used  in  preference  to  homemade  ones.  Lamps  installed  in  sockets 
attached  to  side  walls  involve  a  lire  risk  as  the  dust  may  deposit  on 
them  and  ignite.  Suspend  the  lamps  from  the  ceiling.  Since  the 
dust  may  get  into  them  and  be  the  cause  of  an  explosion  or  a  short- 
circuit,  key  sockets  should  not  be  used.  Wrought-iron  conduit 
work  is  probably  1  he  preferable  type  of  wiring. 

107.  Chemical  Works  Wiring. — Lead  cable  sheaths,  iron  con- 
duit and  slate  are  usually  attacked  by  the  vapors,  while  porcelain, 
as  a  ride,  is  not.  The  following  method  of  installing  conductors 
has  been  used  with  success  in  one  prominent  works.  Conductors 
having  weather-proof  insulation  arc  installed  in  hard-wood  mold- 
ing and  are  buried  in  tar  in  the  grooves.  Both  the  molding  base 
»nd  the  capping  are  served  with  a  thick  coating  of  tar  before  they 
ire  installed  and  also  afterward.  For  lamp  outlets,  molding 
"eccplacles  arc  used.  Kcfore  each  lamp  is  screwed  into  its  socket, 
I  ring  of  heavily  tarred  wire  is  slipped  over  the  base.  This  ring 
leals  the  opening  and  prevents  the  entrance  of  corrosive  vapors 
n  to  the  receptacle.  The  en  I  ire  ins!  nihil  ion— molding  and  fittings — 
diould  be  thoroughly  coated  with  tar. 

108.  Wiring  in  Dry  Kilns  (H.  G.  Wilson,  Electrical  Review, 
Feb.  17,  1913). — Rubber-covered  wire  is  of  little  practical  value 
n  these  excessively  hot  places  cither  on  knobs  or  cleats  or  in  con- 
luit,  as  after  a  comparatively  short  time  the  rubber  is  thoroughly 
Sried  out  and  becomes  brittle  and  crumbles.  Dry  kilns  arc  usually 
Constructed  of  brick  with  a  structural  steel  framework.  Experience 
ttas  shown  that  wooden  blocks  fastened  to  the  walls  and  framework 
shrink  to  quite  an  extent  and  in  some  place-  char  with  the  heat. 
Consequently,  they  become  loose  and  fail  to  sustain  the  wires. 
Profiting  by  experience,  rub  tier-covered  wire,  wooden  blocks  and 
conduit  were  eliminated  altogether  from  a  certain  dry-kiln  job. 
Asbestos-covered  wires  with  a  u  in,  separation  and  not  less  than 
1  in.  from  the  surface  wired  over  were  installed.  Supports  were 
Placed  every  4I  ft.  Split  knobs  fastened  securely  to  the  iron 
framework  with  bolts  were  used,  the  holes  being  drilled  through 
*o  that  nuts  held  them  in  place  and,  where  this  was  impossible, 
'He  boles  were  drilled  and  tapped  with  thread-  corresponding  with 
those  on  the  bolts.  For  supporting  the  wire  on  brick  side  walls, 
*on  brackets  v/cre  made  which  carried  kno\>s. 

Porcelain  wall  sockets  were  used  where  piatVAcsfcte.    l!ax  ixovj 
fgbta  another  Code  rule  was  "  stretched,"  as  "No,  i<\  w\\4  a.*«s.V*<- 


456        AMERICAN  ELECTRICIANS'  HANDBOOK 

covered  wire  had  to  be  used.  The  drop  wires  were  pe 
separated,  from  their  joints  on  the  circuit  wire  to  the 
sockets,  by  cleats  held  together  by  stove  bolts,  thus  givii 
separation,  and  the  taps  were  anchored  by  split  knobs,  or 
wire.  Fuses,  switches  and  cut-out  cabinets  were  placi 
of  the  kilns. 

109.  Wiring  in  Metal  Refineries  (H.  G.  Wilson, 
Review,  Mar.  2,  1912). — While,  as  a  rule,  the  motors  en 
plants  of  this  kind  can  be  placed  beyond  the  reach  of 
mental  effects  of  heat  and  acid  fomes,  the  use  of  sq> 
induction  motors  is  to  be  preferred,  since  these  have 
contacts.  When  these  are  used  it  is  best  to  paint  the 
of  wires  exposed  to  acid  fumes  with  hot  tar.  If  din 
motors  must  be  employed,  these  should  be  completely  i 
protect  them  from  the  effects  of  tlust,  which  is  always  pr 

Overhead  wiring  in  furnace  buildings,  in  which  it  is  al 
hot,  should  preferably  be  with  asbestos- covered  cond 
cleats  or  split  knobs  which  hold  them  t  in.  from  the  sur 
over  and  6  in.  apart.  Screws  should  be  used  rather  thar 
leather  washers  in  securing  the  knobs  or  the  cleats,  for 
where  the  temperature  is  from  125"  to  150°,  as  it  is  in  the; 
heads  soon  become  practically  worthless. 

When  installing  wiring  in  metal  refineries  already  con- 
much  of  the  work  as  possible  should  be  done  outside  t 
since  on  the  inside  the  acid  fumes  and  heat  may  be  verj 
workmen.  This  outside  work  may  include  such  jobs 
screwing  the  insulators  to  the  supporting  blocks,  cutting  c 
to  the  proper  length,  and  making  splices  and  taps  for  di 
With  this  done,  the  installation  can  be  rapidly  completed 

Only  the  best  workmanship  and  material  should  be  1 
for,  since  the  making  of  repairs  is  apt  to  be  very  trying,  t 
possible  degree  of  permanency  is  desirable.  ContractO 
mining  bids  on  jobs  of  this  kind,  should  make  a  generous 
for  labor,  as  only  about  half  the  work  can  be  accompli 
would  be  under  bedcr  conditions.  This  precaution  ap 
where  the  wiring  must  be  done  after  the  plant  is  running 

Wiring  in  furnace  buildings  for  switch  legs  and  on 
should  be  placed  in  rigid  conduit  as  a  protection  from  n 
injury.  Porcelain  socket-  seem  to  withstand  the  conditi 
than  others.  Single-wire  cleats  or  split  knobs  shoul 
rather  than  rosettes,  with  each  wire  anchored  separate 
CUt-OUt  cabinets  are  preferable,  as  wooden  asbestos-li 
soon  dry  out  and  become  defective  unless  they  are  t 
seasoned.  All  openings  around  wires  should  be  filled  t 
the  entrance  of  dust,  which  will,  in  time,  cause  poor  con 
for  this  same  reason  snap  switches  are  preferred  to  knife 
No.  ra  rubber-covered  stranded  wire  for  drop  cords  can  1 
good  advantage.  , 

A  permanent  method  for  wiring  the  copper  sulphate 
still  being  sought,  as  the  sulphuric  add  iomes  tut  the  bi 
the  wire  and  also  have  a  dehydrating  cBect  on  \3iui  ctTq 
soon  dries  it  out  and  renders  it  useless  a,s  mi  vaw&tfUM, 
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phere  is  moist  due  to  the  escaping  steam  from  the  vats.  This  may 
render  other  insulations  than  rubber  unreliable.  Conduit  work 
and  lead-covered  twin  wiring  on  insulator-  have  been  used  with 
only  fair  results.  However,  the  conduit  docs  not  protect  the 
Insulation  from  the  acid  fumes.  The  difficulty  of  readily  making  a 
good  joint  in  the  lead -en  vert 'I  cable  h:.s  made  ii-  use  undesirable. 
A  certain  metal  refinery  whii  Ii  had  been  iiiiim  <-d  \\  ill)  breakdowns 
In  the  electric  wiring  due  to  the  causes  indicated,  tried  the  following 
construction.  The  first  cost  was  high,  but  several  years'  use  of  the 
system  has  shown  the  investment  to  he  a  wise  one.  Sound  hard- 
wood molding  was  thoroughly  warmed  and  generously  painted  on 
all  surfaces  with  hot  tar,  so  that  the  pores  were  well  filled.  The 
rubber-covered  wire  was  coated  with  tar.  Care  was  taken  that  no 
uncovered  spots  were  left.  The  wires  then  were  placed  in  the 
grooves  in  the  molding  and  the  space  that  then  remained  unfilled 
was  also  tarred  with  as  much  tar  as  could  be  made  to  adhere.  The 
capping  was  then  put  in  place  after  receiving  a  coat  of  tar  on  all 
surfaces.  The  molding  was  placed  on  its  supporting  surface  at  a 
time  when  it  was  comparatively  dry  and  a  strip  a  little  wider  than 
the  molding  was  painted  with  tar.  Porcelain  molding  receptacles 
were  used  wherever  practicable  and  for  drop  lights  No.  14  rubbcr- 
covcred  stranded  wire  was  employed. 

MOLDING   WIRING 

no.  Wooden  molding  wiring  is  frequently  used  for  additions 
to  existing  installations  and  where  a  low-priced  job  of  neat  appear- 
ance is  required.  Its  use  is  prohibited  by  the  Underwriters  in 
damp  places,  in  rooms  where  there  are  fumes  or  in  elevator  shafts. 
(Iron  conduit  Should  always  be  used  In  elevator  shafts.)  Approved 
fittings  are  made  whereby  molding  wiring  can  be  used  in  combina- 
tion with  the  other  methods.  Single-braid,  rubber- insulated  wire 
must  be  used  in  molding.  Where  a  circuit  in  molding  runs  into 
conduit,  double-braid  wire,  spliced  to  the  single-braid  molding 
wire,  must  be  used  in  the  conduit.  Where  wire  from  molding  runs 
into  flexible  tubing  or  loom,  single-braid  wire  may  be  used  in  both 
molding  and  flexible  tubing.  (The  material  that  follows  on  Mold- 
ing Wiring  is  taken  lariirly  from  artieles.  on  the  subject  written  by 
the  compiler  of  this  book  and  printed  in  The  Practical  Engineer  and 
in  Electrical  Engineering.) 


Via.  83.— Special  capping*. 
Hi.     Wooden  molding  is  made  in  many  lorma.    TVc  s,\.-4tA»x&. 
designs  are  shown  in  Fig.  86  for  two-wire,  a.nd  ¥\&.  &1  ^*  "3°"*' 
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For  first-class  work  hard- wood  molding  and  capping  raati.li-  I 
finish  the  trim  ot  the  room  in  which  it  is  installed  can  be  used 
Capping  of  various  designs  can  he  purchased  (Fig.  83).  Wbra 
buying  molding  one  should  see  that  It  conforms  to  code  require- 
ments. Second-rale  material  which  may  be  cross-grained  Ot 
knotty  should  be  avoided  because  il  will  be  more  expensive  in  t!:c 
long  run  than  first-class  stock.     Patented  moldings  (Fig.  84)  art 


obtainable  which  will  retain  the  wire  when  it  is  pressed  into  lit 
grooves,  making  ihe  nvt.  nt  l>r;;ds  ior  temporary  support  unnecessary, 
Although  it  is  recommended  by  the  Code,  hard- wood  molding!* 
little  used.  Ceorgia  pine,  oak  or  similar  hard-wood  moldino 
cost  about  twice  as  much  as  the  ordinary  white  wood  (soft  wood) 
stock.     Table  114  gives  the  dimensions  of  standard  molding. 

112.  Molding  is  supported  on  lalh  and  plaster  with  long,  ! 
diameter,  flat-head  screws.  Nails  are  permissible  when  running 
over  a  wooden  surface.  On  brick  walls,  the  wall  is  drilled  and 
plugged  and  a  wood  screw  turning  into  the  plug  supports  tk 
molding.  In  fire-proof  buildings  using  hollow  tile  partitions  and 
arches  toggle  bolts  (Fig,  85)  are  used.  Wood  screws  have  bed 
used  for  this  work  by  drilling  holes,  of  a  slightly  smaller  diameter 
than  the  screw,  in  the  tile.  Then  turning  the  screw  into  the  hole 
causes  it  to  cut  its  own  thread.  Rase  should  be  supported  every 
ij  ft.  to  every  3  ft.  and  the  capping  some- 
what more  frequently.  With  very  large 
molding  support  points  should  be 
closer  togethi 

Either 

pass  ciuirelv  through  the  capping  and  into      —  -   — — — 

the  wall.  The  saw  cuts  for  two  pieces  of  Ma/Ming/^  Xeapag 
base  where  they  abut  should  be  at  an  angle  W^    Vfc/wjW 

and,  so  that  one  pieo.- will  support  [hi.1  other.  I-'ic  8s, — A  toggle  twit 
Where  feasible,  the  nut  on  a  toggle-bolt  supporting  molding, 
should  be  placed  outside  the  capping.     If 

placed  under  the  capping  there  is  a  possibility,  particularly  wilt 
the  smaller  moldings,  of  cutting  away  so  much  of  the  tongue  [hat 
the  toggle-bolt  nut  will  bridge  across  (he  conductors. 

113.  When  erecting  wooden  molding  on  side  walls  or  partitions, 
it  should  never  be  installed  where  it  will  be  subjected  to  mecharu'af 
injury  and  as  a  general  proposition  should  not  be  used  within  6  ft. 

from  the  Boor.     Conduit  or  pipe  protecxton.  ($«»  Wt  ^  ?u 
m  such  locations. 


^>\tterjJ)lc  1 
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114.    Standard  Two-  and  Three-wire  Wooden  Molding 
{Kirkpa'.Hc  Manufacturing  Company) 
The  producli  nf  varinus  manufacturers  vary  somewhat  in  dimen- 
ons.     (Ml  dimensions  arc  jriven  in  inches. 


\JJU   Ufi    Jift, 
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Vfidtrirriftrs  Require 


~"^,sy 

Fro.  So.-Section  of  two-wire  molding. 
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In  running  molding  circuits  through  floors  where  no 
interference  is  probable,  the  molding  can  be  run  almost  to  the  floor 
provided  protection  such  as 
plate  (Fig.  88)  is  installed  . 
floor.  This  construction  i 
miasiblc  in  residences,  offici 
similar  places.  An  iron  pipe  may 
be  used  instead  of  a  kick  plate  to 
protect  wires  from  molding  where 
they  pass  through  a  floor  (Fig.  89),  I 
provided  the  wire  within  the  pipes 
encased  in  loom.  The  pipe  sh  " 
,  extend  4  to  6  in.  above  and  b 
the  floor. 

116.  When  running 
molding  on  outside  brick 
cleat  or  backing  of  wood  J 
in.  thick,  thoroughly  painted 
a  moisture-proof  paint,  should 
first"  nailed  lo  the  wall  (Fig.  00; 
which  the  base  can  be  fastei 
The  backing  protects  the  moh 
from  the  moisture  which  often  e>... 
in  the  outer  walls  of  brick  buildings. 

117.  Mitering  molding  at  rums 
should  be  done  as  suggested  in  Fig. 
gr,  /.  A  fine-tooth  miter  saw  and 
a  miter-box,  preferably  a  mfetal 
one,  can  be  used  lo  advantage,    A 

—     rough  and  ready  method  thatcar 
thtoagh  fl™r.  nol  be    cau&teHA   ^e  „^ 

shown  at  Fig.  qi,  II.     The  capping hides  the  \rovJ\  ya\j. 
118.    Molding  can  be  bent  wound  the  cunti  «wttaaa. 


" 
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'nilnrl  in  modern  office  buildings  as  shown  in  Fit;.  93-  Saw  cuts  ai 
nade  in  tie  base  with  the  miter-saw.  Moistening  the  base  and 
:apping  renders  it  more  easily  bent.  For  first-class  work,  g' 
Ki>;i!'.-d  into  the  s;i'.v  cuts  before  the  base  is  formed  lo  position  i 
end  to  better  hold  the  base  in  shape. 

119.  The  molding  lay-out  should  conform  to  symmetrical 
lesigns  in  first-class  work  even  if  it  is  necessary  to  place  "dead" 
nolding  to  complete  the  design.     It  may  be  necessary   to  run 


.-■Conductor  Capping. 


Fig.  g 


Holding  with  picture- molding  capping  around  the  walls  of  an 
entire  room  even  if  that  on  three  walls  is  dead.  Fig.  93  shows  a: 
irrangement  of  dead  molding  on  a  ceiling. 

no.  To  support  wooden  molding  to  the  lower  flanges  of  I-beams 
n  fire-proof  and  structural  steel  building-  I-beam  honks,  Fig.  04, 
vhich  arc  punched  from  sheet  metal  and  which  can  be  purchased 
ram  supply  dealers,  are  used.  Wood  ;m-A-.  ynvw-'m?,  \\\to^  fes. 
look  enier  the  Ziase  and  thus  secure  it  in  posAUan.  Wveie fee- ^ms- 
etween  beams  is  long  it  may  be  necessary  ^  yivpo*V  a-  wnsivcwt 
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board  with  the  beam-hooks  and  then  fasten  the  molding  to  t. 
running  board. 

Hi.    When  placing  wires  in  molding  that  does  not  have  one  oft 


Fig.  as. — Brads  holding  wirei. 
tented  "wire  grip"  features  they  can  W  VeTO\>s>tas\V)  Vt\&W 
mth  lacks  o/  brads  (Fig.  Q5>  xmWV  t\ie  c&ww^^W1* 
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122.  la  tapping  off  a  branch 
pproved  "taplet"  fitting  (Fig.  96) 
■ermissible  to  adder  on  the  tap  wi 
he  capping,  bat  this  is  no  longer  1 
<To  joints  or  splices  are  permitted 
utlets  or  fittings. 

123.  A  cross-over  in  wooden  molding  wiring  is  made  with 
tling  as  in  Fig.  97. 


wooden  molding  wiring  a 
1st  be  used.  It  was  formerly 
and  bring  one  of  them  over 
nitted  by  the  Underwriters, 
molding   wiring   except  at 


124.  A  joint  in  wires  in  wooden  molding  must  be  made  with  an 
pproved  fitting  (Fig.  98).  No  joints  or  splices  are  permitted 
ithin  the  molding  itself,  that  is,  the  wires  must  be  continuous  from 
utlet  to  outlet. 

125.  In  wiring  for  side-wall  outlets  in  a  molding  installation 
le  molding  can  often  be  advantageously  carried  around  the 
ase-board  (Fig.  99)  and  the  laps  to  the  outlets  carried  down, 
ithin  the  partition  in  loom.     The  taps  arc  fished  down  within  the 


126.  Special  Fittings  are  Made  for  Connecting  Conduit  Circuits 
)  Molding  Circuits.—  Fig.  100  illustrates  one  of  the  many  forms, 
'hese  compact  fittings  can  be  substituted  for  the  bulky  and  un- 
ghtly  pressed  steel  outlet  boxes. 

127.  In  carrying  wires  from  conduit  to  mo\4\a%,  ftvt  atu^sAstKA. 
olding  wire  must   be  spliced  to   the  doub\e-bTa.\i  c 
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within  an  outlet  box   (Fig.   101).     Flexible  conduit  or  porcelain   I 
bushings  must  protect  the  molding  wires  where  they  enter  the  hot    | 
Where  the  jumtiuii  bctwi.-en  molding  and  conduit  systems  is  01 
wall  or  ceiling  wherein  the  conduit  is  embedded,  the  conr 
may  be  made  as  at  //.     An  additional  outlet  box  is  attached  o' 
old  one  with  long  scre*s. 

128.  When  using  molding  in  combination  with  flexible  conduit 
or  flexible  steel  armored  cable  for  old  building  wiring,  flexible 

tubing  or  steel  armored  conductors  are  used  I 
for  the  portions  ol  the  installation  where  I 
they  can  be  readily  drawn  in  and  molding  I 
is  used  for  the  balance.  Fig.  102  (Knox,  I 
Electric  Light  Wiring)  shows  such  ar  "-'■ 
lation.  Tin-  circuits  in  the  hall  are 
in  molding,  but  from  the  hall  to  the  outlets  I 
they  are  in  flexible  tubing  and  are  fished  I 
•  over  from  the  hall.  Where  flexible  fibrous  1 
conduit  and  molding  are  used  steel  outlet   [ 

and  splice  boxes  are  not  required  si 

lically  done  and  it  looks  well  when  finished.   I 
Aucrbachcr  says  (Kln.trirjd  Cmilrtiaiitg):  "If  ceilings    are    fut 
an  apartment  « ■  I"  [his  kind  .should  be  wired  in  two  days  by  a  jour 
man  and  helper  without  breaking  walls  or  ceilings. 

129.  Molding  receptacles  and  rosettes  (Fig.  103}  should  be 
the  types  for  which  the  backing  does  not  have  to  be  cut  for  tl 
iiislallalii'ii.     Fittings  are  on  the  market,  which  require  the  c 
of  the  backing  and  these  should  be  avoided. 


130.  Switches  for  molding  are  ordinary  snap  switches  mounted 
on  either  a  wooden  (Fig.  104,  /)  or  a  porcelain  (Fig.  104,  //)  switch 
block.  Porcelain  is  r j r c- 1 l-t;\ r j 1 1:-  but  a  wooden  block  can  be  made  on 
the  job  if  a  porcelain  block  is  not  available. 

131.  Molding  for  store-window  lighting  can  be  erected  as  in 
Fig.  105.  This  is  a  good  method  where  expense  must  be  a  mini- 
mum. (Auerbacher.  lilixlririil  Ctmlriirliag.)  An  aluminum  re- 
flector requiring  no  shade-holder  can  be  used.  The  reflectors  are 
spaced  6  in.  to  12  in.  The  molding  can  be  made  up  complete  with 
wires  and  receptacles  in  the  shop  and  can  be  erected  in  a  short 
time.     For  further  information  sec  the  section  on  1 11  umi tuition. 

132.  la  wiring  10  molding  f 01  drop  \ifjits  mi  a  fiie-proaf  ceiling 
(£teclrical  Contracting,  Auerbacher)  (Tig.  \0b\1\  ttie\Axu\\nn 
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directory  it  is  necessary  to  make  a  diagram  of  the  circuits  and  to  tap 
the  millets  in  such  a  manner  that  the  66o-watt  limit  per  branch 
it  is  not  exceeded.     When  estimating  on  such  work  the  wire- 
should  ascertain  the  capacity  of  [he  existing  outlets  so  that 
stimate  will  include  any  additional  circuit  Funs  to  the  panel 
that  may  be  required.     The  molding  circuits  are  tapped  t    '' 


■■■Window  Frame' 


conduit  outlets  as  described  elsewhere.  Fig.  106  shows  the  wiring 
plan  of  a  fire-proof  building  ceiling  for  which  the  existing  outlets 
have  been  tapped  and  wire  run  in  the  molding  as  described.  The 
dead  portion  of  the  molding  is  indicated  by  the  shaded  parts. 

133.  Fixtures  in  molding  wiring  installations  should  be  supported 
on  a  wooden  block  (Fig.  107)  about  5  in.  in  diameter.  The  bloct 
provides  a  substantial  support  for  the  fixture,  constitutes  a  backing 


■Dead  Moulding— 
'—OutleU 


"-Drop  L  gnts- 
Moulding,-- 


-^35&j£n* 


for  the  canopy  and  the  wires  can  be  carried   through  the  block 
eliminating  the  necessity  oi  cutting  t lie  canopy. 

134.     Wiring  in  approved  metal  molding  can  be  used  for  exposed 
work  for  circuits,  where  the  difference  m"  potential  is  not  over  300 
volts  and  where  the  power  transmitted  Aoe&  noV  cutcei  « 
Metal  molding  must  be  continuous  iiom  otiuet to  onte.,* 
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iox  or  to  approved  fittings  designed  especially  for  use  with  metal 
nolding.  All  outlets  must  be  provided  with  approved  terminal 
ittings  which  will  protect  the  insulation  of  conductors  from 
brasion  unless  such  protection  is  afforded  by  the  construction  of 
he  boxes  or  fittings.     Metal  molding  should  not  be  used  in  damp 

.*3S- 


rhere  is  sufficient  space  in  National  Metal  Molding  for  4  No.  14 
.ingle-braid,  rubber  insulated  wires.  It  is  often  necessary  to  insert 
his  number  at  double-pole  switch  loops,  etc.  The  two  or  more 
rires  of  an  alternating-current  circuit  must  be  in  the  same  molding 
;nd  those  of  a  direct-current  circuit  should  be  so  that  if  a  change 
l  made  to  alternating-current  reconstruct  ion  will  mil  he  necessary. 
136.  National  metal  molding  is  made  by  the  National  Metal 
folding    Company   of   Pittsburgh,   Pa.     It   consists   of   channel 


inductors 
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onal  metal  molding. 
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ipping  that  snaps  over  a  channel  base.  The  principal  dimensions 
re  given  in  Fig.  10S.  It  ij  furnished  in  lengths  of  8  ft.  6  in.  It  is 
herardized,  a  process  whereby  finely  divided  >;inc  is  driven  into 
te  pores  of  the  metal  forming  an  iruiw.inr  alloy  which  is  thoroughly 
jst-proof  and  which  cannot  be  knocked  oB.  EWnet  -mMrx  ot  «K 
lints  adhere  well  to  it.  Because  of  the  smaU  s,pacc  'CnaVW.  atca-v-** 
can  be  used  to  advantage  on  steel  ceiling,  in  Ams^-wbAw"-*- 


m 
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in  show-cases  and  in  other  locations  where  appearance  is  a  factor 
and  where  safety  is  essentia!. 

137.    The   application   of  national  metal  molding  and  fittings 
is  illustrated  in  Fig.  log,  an  imaginary  lay-out  shown  to  indicaie  | 
how  the  materia!  may  be  used. 


138.  The  cost  of  national  metal  molding  is  $8.00  per  ico  ft.  list 
with  :i  discount  varying  from  30  per  cent,  to  50  per  cent,  and  with 
the  point  of  delivery  and  the  quantity  purchased, 

139.  The  Cost  of  Metal  Molding  Fittings.— The  same  discount- 
apply  as  those  applying  to  molding.  List  prices  for  some  art  as 
follows:    Cross,   17  cents  each;  base  coupling,  2.3  cents;  tee,  14 

cents;  elbows,  internal,  extenlil 
and  flat,  n  cents;  outlet  box,  io 
cents;  metal  covers  5.5  cents;  re- 
ceptacles, 45  cents;  bushings,  3.5 
Fig.  ho. — Luta  metal  molding.  cents;  snap  switch  bases,  25  cents; 
one-piece  porcelain  rosettes,  B 
cents;  two-piece  porcelain  rosettes,  25  cents. 

140.  Lutz  metal  molding  consists  of  a  channel-shaped  base  and  a 
strip  of  sheet  metal  that  slips  in,  as  illustrated  in  Fig.   no  which 

,    constitutes  the  capping.     It  is  electro-galvanized  and  is  furnished 

in  10  ft.  lengths.     Capping   can   be  removed  at  either  end  or  si 

Bay  other  poiiu  ili'.^Ri!  1>\  making  Uui  Uuek-siiw  cuts  with  a  fine- 

tooth  (tubing)  saw   through  the  flanges   cA  fee  \mse  s.tv&  ■Ss.^&t 

opening  the  cut  portion  to  release  the  ends  ol  xhe  twpp™%-   "to-"' 
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ended  that  in  making  installations  these  hack-saw  tuts  be 
made  at  intervals  to  permit  the  future  removal  of  the  capping 

141.  Fittings  for  Lutz  molding  are  made  which  arc  somewhat 
similar  to  those  for  the  National.  All  fittings  are  arranged  to 
insure  electrical  conductivity  1 1  j  r  ■  .1  il;  li  1 1 1 1    [in-  r  1  -.  ■.  >  J  - 1  i ;  1  ur  installation. 

142.  Where  metal  molding  passes  through  floors  it  should  be 
carried  through  an  iron  pipe  extending  from  the  ceiling  below  to* 
point  5  ft.  above  the  floor,  which  will  serve  ;ls  an  additional  nitilian- 
ical  protection  and  exclude  moisture.  In  residences,  ollice  buildings 
and  similar  location*  '.there  appearance  is  an  essoin  ial  feature,  and 
where  the  mechanical  strength  of  the  molding  itself  is  adequate, 
the  iron  pipe  can  extend  from  the  ceiling  below  to  a  point  3  in. 
above  the  floor 

143.  Metal  molding  must  be  grounded  permanently  and 
effectively  and  so  installed  that  adjacent  lengths  of  molding  will  be 
mechanically  and  electrically  secured  at  all  [minis.     Il  is  essential 


,ding  metal  moldini 


.hat  the  metal  of  such  systems  be  joined  so  as  to  afford  electric 
conductivity  sufficient  to  allow  the  largest  fuse  in  the  circuit  to 
iperatc  before  a  dangerous  rise  of  temperature  in  the  system  can 
jeeur.  Moldings  and  gas  pipes  must  be  securely  fastened  in  metal 
lutlet  boxes,  so  as  to  secure  Rood  electrical  connection.  Where 
>oxes  used  lor  centers  of  distribution  do  not  alTord  good  electrical 
connection  the  metal  molding  must  be  joined  around  them  by 
suitable  bond  wires.  Where  sections  are  installed  without  being 
astened  to  the  metal  structure  of  the  building  or  grounded  metal 
)iping,  they  must  be  bonded  together  or  joined  to  a  permanent 
tnd  effective  ground  connection. 

The  metal  molding  manufacturers  provide  fittings  suitable  for 
ioining  adjacent  lengths  of  backing  together  and  ground  clamps 
iFig  no,  A)  lor  grounding.  Lapping  t.W'.  cA\1'.i\\;\i.mjra.Q5  '  *  "_ 
0  the  adjacent  one  constitutes  nil  electrical  conntCtaflv. 
ires  must  be  at  least  No.  10  B   &  S   gage. 
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)OK    [SwU 
'.ing. — Reason-    I 


;tallation.     As  the  quickest,   most  satisfactory 
ic  of  the  punched  holes  in  the  backing 
screw  and  drawing  the  capping  ofi  is 

mended.  Cutting.— Exwpt  in  cases  where 
the  backing  of  the  molding  passes  through 
under  the  fittings  and  is  not  cut.  backing 
and  capping  should  be  tut  before  being 
separated  in  all  cases.  Because  of  the  light 
stock,  hack-saw  biadrs  ha\  ing  line  teeth  ami 
commonly  known  as  "tube  saws"  should 
be  used  for  cutting.  Some  co 
men  recommend  marking  deeply 
and  breaking.  Bending. — The  molding  is 
readily  bent  and,  with  reasonable  i 
be  worked  to  any  radius  down  to 
in.  Bends  must  be  made  in  all  cases  before 
backing  and  capping  are  separated.  Sup- 
porting.—The  backing  is  punched  and 
countersunk  every  2  in.  for  the  supporting 
Luiuninmiiu.  screws  or  bolts.     The  support   so  afforded 

will  usually  be  found  more  than  ample, 
but  further  support  may  be  secured  either  through  addition* 
punching  with  a  special  punch  or  by  using  a  metal  molding  clamp. 
Fig.  in  shows  a  toggle  bolt  support  for  metal  molding.  Whea 
the  metal  miililmj;  is  install'/d  on  uneven  surfaces,  such  us  the  ceil- 
ings of  old  buildings,  the  capping  has  a  tendency  to  spring  away 
from  the  backing.  This  may  be  overcome  by  the  use  of  two  or 
three  straps  fastened  over  each  length. 

Metal  Bas&—~^ 


:i— Toggle  bolt 


'■W'9  "VllrSfSBS&w 


Loose  Capping.— li  the  capping  of  the  molding  is  loose,  it  should 
be  removed  from  the  backing  and  tightened  by  tapping  it  with  o 
mallet  or  hammer  at  points  about  8  in.  apart  but  on   one   edge 

145.    Metal  molding  can  be  miteied.  for  e\W«i  wA^mA*' 
cutting  it  with  a  hack-saw.     Elbows  and  bends.  \.\\\\a  to»Ar  *- 
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the  advantage  that  they  fit  into  corners  more  closely  than  do  the 
purchased  fittings.  Electrical  conductivity  is  preserved  by 
always  leaving  a.  portion  oi  lh«  liacl;iiig  intact.  Fig.  ria  shows 
how  a  torn  can  be  made  and  Fig.  113  the  method  for  an  elbow. 
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KNOB-AND-TUBE  WIRING 

146.  Concealed  knob -and -tube  wiring  is  used  in  frame  houses 
where  a  low  cost  of  installation  is  essential.  The  wires  are  con- 
cealed within  floors  and  partitions.  Concealed  wiring  can  be  in- 
stalled cheaper  by  the  knob -and -tube  method  than  by  any  other 
(unless  wooden  moulding  «  iving  be  considered  a*  loncealerl  wiring), 
but  the  cost  is  greater  than  for  open  work  on  knobs  and  cleats. 
(Much  of  the  matter  on  knob  and  tube  wiring  is  from  articles  od 
(his  subject  published  in  \\k  Pratt,  ling,  commencing  Sept.  1,  191 1.) 

147.  The  use  of  knob-and-tube  work  should  be  discouraged 
in  so  far  as  possible  i  Knox,  l-'.hxtric  i.iy.ht  ll'iriiti;),  as  it  is  subject 
to  mechanical  injury'  and  is  liable  to  interference  from  rats  and 
mice.  The  wires  may  sag  against  beams,  laths,  etc.,  or  may  be 
covered  by  shavings  or  other  inflammable  building  material. 
Knob-and-tube  work  is  prohibited  by  municipal  ordinances  in 
many  cities  and  is  being  superseded  by  flexible  steel  and  rigid  iron 
conduit  installations. 

14S.  The  wires  are  run  just  after  the  floors  and  studding  are 
in  place  and  before  the  lathing  is  done.  This  principal  part  of 
the  work  is  called  the  "roughing  in,"  ;ind  ct>o\pn=K.s>  \ii  "•ms.'wSisa.- 
tion  of  the  mains  and  the  branches  and.  t&e  tap?,  \.o  •Cnfc  sssSSsfts.- 
Frequently  the  /jfisumeiit    wiring  is  not  done  \m\Jft.  >Safc 
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practically  completed.  The  "finishing,"  which  comprises  the  in- 
stallation of  the  switches,  fixtures,  meter  board,  distributing  panels, 
etc.,  is  not  usually  done  until  the  building  is  otherwise  completed. 


rubber  insulation,  but 
may  be  single-braid 
Tie-wires  should  have  in 
insulation  equal  to  tilt 
~j£  of  the  conductors  they 
support,  and  must  not 
be  smaller  than  No.  14. 
(Tie  wires  ate  not  per- 
mitted  for  conductors 
smaller  than  No.  8.  B.  (1 
S.  gage.  Where  conduc- 
tors smaller  than  No.  8 
arc  used  they  must  be 
supported  on  split  knobs 
except  at  the  ends  of 
runs  where  solid  knobs 
should  be  used.) 

150.  In  making  joints 
and  splices  in  concealed 
knob-and-tube  work,  1 
serving  of  rubber  tape 
and  then  one  of  friction 
tape  arc  made  around 
the  splice.  Inasmuch  as 
most  of  the  joints  are 
inaccessible  after  the 
completion  of  the  build- 
ing, they  should  be  very 
carefully  made. 

151.  Wires  must  be 
supported  in  knob-and-tube  wiring  by  approved  porcelain  knobs, 
which  separate  the  wires  at  least  1  in.  from  the  surface  wired  over. 
The  wires  must  be  maintained  at  least  5  in.  apart,  and  when  pos- 
sible should  be  run  (Fig.  114)  on  separate  timbers  and  studding. 
Knobs  are  located  at  least  every  4I  ft. 
where  the  wire  run  is  parallel  to  the  sup- 
porting timber.  Where  it  is  impossible-  tc 
maintain  the  5  in.  separation,  the  wires  tan 
be  run  closer  together,  provided  each  is 
encased  in  a  continuous  length  of  flexible 
tubing,  or  as  it  is  often  termed,  "loom." 
When  passing  throuRh  floors,  walls,  etc,  the 
wires  must  be  protected  by  glass  or  por- 
celain tubes,  as  outlined  in  Fig. 

places  be  used  to  insulate  the  w 
the  building  interfere  with  them. 
where  the  wires  cross  each  other 


Tube 

/fndbs  .-"@  'Tape 
Pipe 


14.     Flexible  tubing  may  in  dry 
ires  where  projecting  members  »! 
1'orceVim  \u\>cs  ^no\i4\)c       * 
01  cross  pipes  t.t\&.  niV 


M5*i. 


X.4) 


INTERIOR  WIRING 


473 


52.  Where  circuits  cannot  be  supported- on  porcelain  or  glass, 
knob-and-tube  work,  approved  metal  conduit  or  approved 
lored  cable  must  be  used,  except  that  for  voltages  of  less  than 
1,  where  the  wires  are  not  e\-posed  to  moisture,  they  may  be 
ed  from  outlet  to  outlet  on  the  loop  system  if  each  is  encased 
oughout  in  continuous  lengths  of  approved  flexible  tubing. 


Incorrect 


hrough  j, 


53.  In  wiring  in  thin  partitions  where  there  will  not  be  at  least 
l.  clear  space  between  the  surface  of  the  wires  and  the  plaster 
t  oozes  between  I  he  Liths,  the  wires  must  be  encased  in  loom 
xiliie  conduit).  This  construction  is  required  in  the  so-called 
l.  partitions. 

54.  Knobs  for  knob-and-tube  work  are  of  either  the  solid 
e  (Fig.  SB  and  Table  16D),  or  of  the  split  type  (Fig.  8  A). 
it  knobs  are  rci|uii"eil  fur  <  mului  iurs  -■.riv.!!-r  :h:.\:  X- ..  s.  e\'  col. 
the  ends  of  runs.  Solid  knobs  are  permitted  only  when  used 
:ake  the  Strain  from  the  circuit  wires — at  the  ends  of  runs  and  to 

s-Edge,  "hich  grips  Tabinq 


port  outlets.  The  knob  must  provide  at  least  a  i-in.  sepa- 
on  from  the  surface  wired  over.  See  16A  for  further  information 
ut  knobs. 

55.     Porcelain  tubes  provide  insulation  where  the  wires  are 
ied  through  joists.     (Sec  16F  fortuttVieiMivevAMAWft.e.'EiV&se^ 
holes  for  the  tubes  should  (Fig.    n61    miAewMvj  \»o  ^v£o%] 
'ler  than  the  tubes,  so  that  the  tubes  Titer*  4n.vwi^«3Wfc  "w^ 
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a  block  of  wood  will  stay  in  place.  The  holes  for  tubes  for  small 
wires  should  be  pitched  as  this  tends  to  retain  the  lubes  in  poa| 
twn  in  the  limber.  A  Ions  hit,  the  shank  of  which  when  in  use 
rests  on  the  joist  next  to  the  one  being  bored,  is  the  best  tool  for 
boring  pitched,  tube  holes.  Tubes  should  always  be  so  placed 
in  pitched  holes  that  their  enlarged  ends  will  be  at  the  lop,  as 
(Fig.  ii6,  /),  which  will  prevent  their  falling  through.  Nev 
place  tubes  as  at  //,  because  when  the  wire  loosens,  as  it  will 
old  installations,  they  will  fall  out.  For  heavy  conductors  t.  . 
tube  holes  should  be  bored  with  a  beam-boring  machine,  at  right 
angles  to  the  beam.  It  they  are  not,  it  is  difficult  lo  pull  in  the 
wire  and  tube  breakages  will  result.  About  10  per  tent,  more 
wire  is  required  where  conductors  are  "zigzagged"  through  tim- 
bers than  when  they  are  carried  straight  through. 

156.  Porcelain  tubes  must  be  used  on  wires  at  the  bottoms  of 
plastered  partitions  (lrig,  114I,  an  additional  tube  being  placed 
where  the  wires  pass  through  the  sill  or  floor  to  protect  from 
plaster  droppings.  The  tubes  must  extend  to  at  least  4  in.  above 
the  timber.  Knobs  must  be  so  arranged  that  no  strain  that  might 
tend  to  break  them  can  come  on  tubes.  Fig.  115  shows  how  1 
wire  crossing  a  pipe  should  be  protected  by  a  procelain  tube. 

157.  Flexible  tubing  must  be  used  at  all  knob -and -tube  work 
outlets  to  encase  each  wire.  (See  16K  for  properties  of  flexible 
tubing.)  It  should  be  used  at  distrihifiinc  center,  switch,  fixture 
and  similar  outlets,  and  at  all  points  where  the  wires  cannot  be 
separated  from  one  another  or  from  the  surface  wired  over  the 
distances  specified  for  unprotected  wire.  The  flexible  tubing  or 
loom  must  encase  each  wire  from  the  last  porcelain  support  (knob 
or  tube),  to  1  in.  below  the  outlet,  or  with  combination  fixtures, 
to  a  point  opposite  the  gas  cap.  The  tubing  must  be  firmly  secured 
in  position  in  outlet  and  snitch  boxes  by  some  approved  device 
that  may  or  may  not  be  a  part  of  the  box.  See  Fig.  116A  fori 
flexible  tubing  Int-hing  designed  for  this  purpose. 

The  bushing  shown  in  Fig.  nh'A  grips  the  tubing  and  the  pres- 
sure of  the  " knockout"  holds  (lie  hushing  securely  to  the  tubing. 
The  bushing  is  installed  by  slipping  it  over  the  tubing  to  the  desired 
position  and  then  forcing  it  into  the  "knockout''  in  the  outlet  or 
switch  box.  Not  only  docs  tin;  luisliing  hold  the  tubing  in  place 
but  it  fills  the  space  around  the  tubing,  thus  preventing  the  en- 
trance into  the  box  of  plaster  and  dirt. 

158.  Fixture  outlets  are  shown  in  Figs.  177  and  118.  For  an 
electric  fixture  a  cleat,  a  piece  of  board  at  least  j  in.  thick  (Fig. 
117),  into  which  the  wood  screws  supporting  the  electrolier  can 
turn,  should  be  nailed  between  the  joists  or  studs.  Holes  are 
bored  through  the  cleat,  through  which  the  loom  can  pass.  With 
a  combination  fixture  (gas  and  electric)  (Fig.  118)  no  cleat  is 
necessary,  because  the  gas  pipe  supports  the  lixture.  The  loom 
should  be  wired — iron  wire  will  do — to  the  gas  pipe,  to  prevent 
displacement  by  artisans  that  have  occasion  to  work  around  the 
outlet. 

159.    In  wiring  for  switches,  loom  must  \ie  w*4 
ductor  ends  from  fhe  last  poicelain  avrapot*.,  <5"\%%.  vu>t  v» 


* 


BCt.  4] 

,i>,  the 
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n  conductor  ends  for  other  outlets.  A  pressed 
aritch  box  (fig.  t>:(,  should  be  used  to  encase  each  flush 
witch  mechanism,  even  though  il  already  he  cm:istd  in  porcelain. 
1  in.  wood. .cleat  or  cleats  a.*e  arranged  to  support  the  switch 


te  wooden  cleats  should  not  be  set  out  flush  with  the 
9  of  the  studs,  but  should  be  set  about  I  in.  back,  as 
<,o  aUow  a  space  in  which  the  pUatei  cwn.  U&tt."  ^."o" 
i.)    For  a  surface  snap  switch  ouiXeX  t,¥\%.  w^,  »■" 
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iron  box  is  not  necessary,  but  a  1  in.  cleat  must  be  installs 
hold  the  loum  in  j>l;n.'i-  ami  in  provide  a  proper  support  for  these 
that  hold  the  switch.     In  wiring  old  buildings,   where  aupporttn 
cleats  were  not  originally  provided  back  of  the  plaster,  a  ■ 
wooden  block  or  plate  should  be  installed  on  the  surface,  to  wbkJ 
"  e  switch  can  be  attached. 


Before  Lathing  Switch  inPle 

P[G.  in.— Surface  switch  wiring. 


1 60.  Steel  switch  boxes  for  knob-and-tube  work,  flush  swi 
are  formed  from  sheet  steel,  as  shown  in  Fig.  123.  A  single-s 
box  can  be  expanded  into  one  for  any  number  of  switches  by 
the  proper  number  of  spacers.  Single-  and  double-switch 
can  be  supplied  already  n.= sr  111  bled  and  are  used  where  fea 
because  it  is  cheaper  to  buy  them  this  way  than  to  assemble 
on  the  job.     Holes  partially  punched,  which  can  be  knocked 


with  a  hammer  blow,  arc  provided  in  the  sides  and  back  through  , 
which  the  flexible  conduit  wire  protection  can  be  extended.  Boies  ' 
can  be  purchased  which  are  adaptable  for  either  knob-and-tube 
(flexible  conduit  or  loom)  or  wrought  iron  conduit  work.  Boxes 
which  have  ;u:lji^t;ililc  supimrtinji  lnjrs.  so  the  box  can  be  moved 
in  and  out  in  relation  to  them  to  provide  for  adjustment  to  the 
surface  of  the  plaster,  are  preferable.  ISee  aW  \ijq  nodei  "Con- 
duit  Wiring  "  lot  further  information  on  *V»A  Wt\.0n  xtoua^ 


' 
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CONDUIT  WIRING 


i.  There  are  two  classes  of  conduit  wiring,  rigid  or  iron  con- 
wiring,  and  flexible  metal  conduit  wiring.  Although  steel- 
>red  conductor  wiring  is  not  truly  conduit  wiring  (t  is  usually 
ed  in  the  conduit  wiring  group  and  is  so  described  in  this 
.  (The  mall-rial  thai,  follows  on  Conduit  Wiring  is  largely 
a  aeries  of  articles  on  (lie  subject  written  by  the  compiler  of 
book  and  printed,  under  the  pen  name  of  O.  N.  Casey,  in 
Practical    Engineer    commencing   with   the   March   I,   lgi3 

a.     Rigid  icon  conduit  wiring  is  approved  for  both  exposed  and 

,-aled  work  and  for  Use  in  nearly  all  classes  of  buildings.  For 
tary  conditions  wiring  in  iron  conduit  is  probably  the  best 
lUgh  it  is  the  most  expensive.  The  advantages  of  iron  eon- 
i  are:  (i)  It  is  fire-proof;  (2)  it  is  moisture-proof;  (3)  it  is 
if?  enough  mechanically  so  that  nails  cannot  be  driven  through 
,d  so  that  it  is  not  readily  deformed  by  blows  or  by  wheel- 
jws  being  run  over  it;  (4)  it  successfully  resists  the  normal 
n  of  cement  when  imbedded  in  partitions  or  walls  of  fire-proof 
lings. 

3.  Lined  and  unlined  iron  conduit  can  be  obtained.  The 
conduit  is  merely  ordinary  conduit  lined  with  a  paper  tube 
is    treated  with   an    insulating  water-proof  compound.     The 

5  is  cemented  to  the  interior  of  the  conduit  by  the  com- 
id. 

4.  The  advantages  of  unlined  conduit  over  lined  conduit 
'.EIrrlric  Light  Wiring,  Knox.):  (1)  It  is  cheaper  because  it 
ao  lining.  A  smaller  size  conduit  can  be  used  for  conductors 
;iven  size;  (2)  it  is  cheaper  to  install,  as  it  can  be  bent,  threaded 
cut  more  readily  than  can  lined  conduit;  ij  .■  it  is  easier  to  draw 
i  into  and  out  of  unlined  conduit  than  into  and  out  of  lined  con- 

(4]  in  lined  conduit  in  hot  places  the  conductors  sometimes 

a  the  lining  which  prevents  their  withdrawal. 

The  disadvantages  of  unlined  conduit  are  (Electric  Light 

rig,  Knox.):     (1)  The  unlined  iron  conduit  may  rust  through 

'ie  combined  action  of  water  or  steam  and  the  chemical 

in  ash  or  other  cements;  (2)  double -braided  conductors 

be  used  in  unlined  conduit  to  satisfy  rode  rules.  The  increase 
1st  due  to  this  requirement  is  slight  as  compared  with  the 
■  cost  of  lined  conduit  and  the  cost  of  installing  it. 
Lined  conduit  is  very  seldom  used  now.  It  sometimes 
application  where  every  precaution  must  be  taken  to  protect 
1st  trouble  that  might  occur  if  the  outer  iron  tube  rusted 
igh. 

Galvanized  iron  conduit  should  be  used  if  conduit  is  in- 
out  of  doors  or  in  damp  places  or  where  it  is  imbedded  in 

5.  When  to  use  Iron  Conduit  Wiring. — As  a  general  sru^- 

,   conduit   wiring    should   be    used  wncnevw  'Cnt   yfe  -«Si 
be  cost.     Ordinances  of  some  cities  now  tciyivtc  *i».i-  **■ 
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concealed  wiring  shall  be  L_  __. 

the  method   will,  because   of  its  inherent    advantages,  p 
popularity  and  will  ultimately  be  almost  universally  used.  I 
conduit  protects  the  conductors  it  contains  and  provides  i 
race- way  permitting  ready  insertion  or  removal. 

169.  Use  of  Iron  Pipe  in  Place  of  Conduit — I". 

is  merely  commercial  standard-weight  wrought -iron  pipe  t'tmb 
been  carefully  reamed  inside  to  remove  burrs  and  then  Ircslcilri 
due,  or  an  enamel,  baked  on.  to  prevent  rust.     The  thre&dtOU 
cads  of  cooduit  lengths  are  standard  pipe  threads.     Hence,  wt 
underwriters"  inspectors  do  Dot  have  jurisdiction  in 
used  instead  of  conduit.    The  pipe  is  cheaper,  and  i  1 
it  appears  to  serve  as  well  as  conduit.    A  coat  of  black  stovca 
*-™»~4  00  the  outside  of  the  pipe  will  give  it  a  finished  appears 
and  bote  than  a  superficial  inspection  is  required  I 
pipe  so  treated  from  conduit.     It  is  the  practice  in  some  pis 
where  the  buildings  are  fire-proof  and  where  no  insurance  is  cut 
to  use  galvaaiicd  iron  pipe  instead  of  conduit. 

170.  Wire  for  use  at  nwfaed  wTocighl-h-00  conduit  must 
rubber-covered  except  ia  permanently  dry,  hot  locations  wi 
•low-burning  insulation  may  be  permitted.  Single-braid  "in 
permitted  for  conductors  smaller  than  No.  5.  Conductor!  9 
and  larger  should  be  double-braid.  Duplex  or  multiple  tondiu 
cables  must  be  double  braid.  Each  conductor  must  be  continu 
front  outlet  to  outlet  without  spikes  or  taps.  The  same  cod 
ran  contain  as  many  as  four  i-wire  or  three  3-wire  circuits  of 
same  srstetD,  The  same  conduit  must  never  contain  circuit! 
different  systems.  Duplex  wire  see  Sect.  I'i  particularly  No. 
b  largely  used  for  branch  drtuits  in  cnoduit  wiring.  Solid  « 
is  used  lor  conductors  up  to  and  i 
Conductors  should  be  stranded  si 
in  to  the  ducts. 

the  wires  (two  wires  for  a  stngtc-phnsc.  three  wires  for  a  three-) 
or  three-phase  and  three  or  four  wins  lor  a  two-phase  circuit) 
the  circuit  must  be  carried  in  the  same  conduit  to  pre 
ml; ace  droo  and  dangerous  overhearing  of  the  cooduit. 

IT*.     --■■■-   ■-,] ■  -   ~-  ml  "imjBiijj       fl    nil 

conduit  is  merely  standard-wright  wrought-irou  pipe,  enamel 
Sherardbed  or  galvaiuied.  The  dnmctors  are  given  in  dedmJ 
t»mm urn  fractions  and  sity-iourtis  for  cccvenjence.  because  the 
are  times  when  the  values  are  needed  expressed  in  each  of  uw 
ways.  When  ngurir«  wire  and  wire  utsnfarion  diameters,  I 
value*  aiw  usually  expressed  m  sixtT-iourths  which  makes  the  affl 
t  valuable  tor  ready  reference.    The  waj 

Mt  lot  estimating  transportation  cbarret,  » 

front  the  values  h>  the  lest  price  cotumns.  the  cost  of  the  nuwrfj 

s.  thai  one  receive*   » 

MnthMthtaso)MawcnU.oahcswir-Ht      n!»<nl 

•f  (hws  «*d  couptmes  — 

.".    :H   i     -   -■• 
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174.  Table  178  of  conduit  bushing 

which  are  helpful  when  laying  out  conduit  holes  in  outlets  nri 
boxes.     Clearances  can  be  provided  and  holes  can  be  s 
that  the  bushings  will  have  ample  turning  room.    The  1 
in  the  table  were  taken  from  samples. 

175.  Table  179  of  conduit  nipple  di 
tion  of  the  nipple  is  about  the  same  as  that  of  the  busliing.  1 
for  the  same  purposes  as  the  bushing  table.  The  nipple  sn 
into  a  coupling  (see  Table  181),  while  the  bushing  screws  taint 
threaded  end  of  a  length  of  conduit.  The  nipple  is  : 
than  the  bushing,  hence  is  preferable  for  some  work. 

176.  Punched  steel  lock-nuts  are  shown  in  Table  1S0. 
nuts  are  used  on  conduit  on  the  outside  of  the  box  where' 
conduit  enters  an  outlet-box,  and  their  dimensions  must  ohal 
known  in  laying  out  panel  or  outlet  boxes,  so  that  proper  I 
clearances  can  be  provided  for  the  nuts. 

177.  Galvanized  iron  pipe  straps  (Table  183),  are  used  fori 
porting  conduit  to  surfaces.     The  dimensions  in  the  table; 
valuable,  when  laying  out  multiple  conduit  runs,  to  del 
the  spacings  necessary  between  the  conduits  to  allow  for 
placing  of  the  straps.     The  screw  hole  dimensions  enable 
order  in  advance  screws  of  the  proper  diameters  to  supp( 
straps.     Unfortunately,  there  are  no  standard  dimensions  in 
by  all  the  manufacturers  of  pipe  straps,  and  those  furnished! 
different   makers   will  vary  somewhat  in  size.    The   dime""" 
given  are  from  one  manufacturer's  line,  and  are  typical. 


178.     Malleable -iron  Conduit  Bushings 


Ns™rfal 

* 

E 

c 

u 

E 

! 

:| 

| 

i 

_» 

A 

J 

r 

INTERIOR  WIRING 
179.     Conduit  Nipples 


180.    Punched  Steel  Conduit  Lock-nuts 
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s  oclagonai  instead  of  hexajatisi. 
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181.     Spacbgs  foe  Conduit  with  Given  Clearances 
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Spacings  for  Conduit  with  Given  Clearances  (Continued) 


D  in  newest  practical  dimension 
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182.     Table   181   of  conduit  spacings  for  different  clearances   I 
between  conduits  and  their  lock-nuts,  is  exceedingly  valuable  to 
a  man  who  is  designing  or  erw  1  ing  conduit  work.     From  it  he 

determine  directly  jusl  what  I  he  distance  between  centers  of 
duits  should  be  lor  (riven  clearances  between  nipples  or  conduit. 
This  data  is  indispensable  when  laying  out  the  centers  of  a  ro' 
holes  through  which  conduit  is  to  enter  a  panel  box,  or  in  laying 
out  the  supports  lor  a  multiple  conduit  run. 


183.     Galvanized  Iron  Pipe  Straps 


! 


I     if 


184.  That  the  conductors  can  be  removed  and  replaced  in 
conduit  is  one  of  the  advantages  of  conduit  wiring.  If  a  size  of 
conduit  is  selected  that  is  too  small  for  the  wires,  they  will  become 
wedged  in,  particularly  in  a  warm  location  and  withdrawal  will  be 
impossible. 

184A.  In  selecting  a  conduit  size  for  the  conductors  of  a  three- 
wire  system  with  a  neutral  twice  the  size  of  the  outer  con- 
ductors, use  a  conduit  of  a  size  to  take  four  wires  the  size  of  the 
outers.  For  example,  the  conduit  for  a  three-wire  main  composed 
of  2-200,000  cir.  mil  outers  and  1-400,000  dr.  mil  neutral  should 
be  large  enough  to  accommodate  4-200,000  cir.  mil  conductors.  I 
The  Underwriters  (except  by  special  permission!  permit,  but.  fi 
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185.     Standard  Conduit  and  Pipe  Threads 

.->|      j;    ^-Outside diam-of perfect  thread 
■  ~bg    B  =  Inside  diam.  of pipe 
f  £    'C  -  Rootdiam.ofthreadatsndof pipe 
-  ~     D-  Ouhide  diam.of  thread  afendof pipe 
«fc_--r  Z~  Length  of  perfecfthread 
y   r  -?   f- Total /engfhof  thread 

j    6"  length  of perfectf bread  plvi  two 
threads 
;  BRAG'S    FORMULA 

j    E-Perfecffhread-(4.8+0.8A)P 
a  P-  Pitch  of  thread- j? 
j    tl—  Hum  her  of  threads 
j    F"  Length  of  taper  attop 
Taper3fr"io  Iff 

Heightof  threads]: 
■  lenathoftaoerat  " 


186.  Conduit  Wire  Capacity.— 187,  188  and  188A,  which  gives 
JVa(.  £(ec.  Ci"f<!  rccommcmblmns,  show  how  many  rubber-cO 
ered  conductors  can  be  pulled  into  standard,  iron  conduit  (in 
pipe  sizes).  Table  187  Rives  values  for  medium  runs, — average 
runs  as  defined  under  Table  187.  Where  runs  are  short  or  have  few 
turns  smaller  conduit  can  be  used  than  for  long  runs  with  several 
sharp  turns.  Table  188  indicates  about  the  minimum  and  max- 
imum limits.  Conduit  small  it  ill  an  \  in.  is  not  permitted  for  light 
or  power  wiring,  but  |-in.  conduit  is  used  for  signal  work.  No 
wire  smaller  than  No.  14  is  permitted  for  light  or  power,  but  smaller 
ones  are  used  for  signal  work. 

Conduit  should  always  be  large  enough  that  great  force  will  not 
be  necessary  to  pull  wires  into  it.  Where  too  much  fotce  is  used 
the  insulation  ml]  be  injured  and  the  wires  wi-Aftti  yi  ftoA  >&«.-* 
cannot  be  withdrawn.     Conduit  is.  too   ;ma\\  iS  bW^t-a.'vAAs.O&fc 

mast  be  used  to  pull  in  small-  and  medium-sited  \i\tt.    ^'vceWlf 

than  No.  S  should  be  stranded. 


486       AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect  4 


<U 
■M 

a 

Cfl 

a 

•»< 

i 

u 

0) 

.a 
.a 

e 

O 
> 

o 
o 

«*"d 
■  -<  CO 

*d*9 

a  i 

83 
8*« 


o 

a 
a 


3 

a 
o 
u 

v 
a 
o 


CO 

u 


CD 

a 

a 

CD 

w 

(A 

a 

u 

CD 


O  m 
w  W 


r^oo 


UJvO 


POrJ- 


M  W 


O 


00 


«n 


po 


W 


M    W    W  WWW 


M    M    M  WWW 


n  (*i  m  '  ro  ^t  ^     »o  »oo  o 


po  po  po      po^-^-     i/jujoo     o 


M    M    M  WWW 


M    M    M  M    W    W 


POPOPO       po^-^-       "friOi/JO 


w  po  po 


PO  PO^"       ^■'tmtO 


o 


*4#^^       ^^w^c 


w 

I 
M    M    W 


WWPO       PO  PO  PO       '♦^■'tf'UJ       i/)<0000 

www      w  po  po     popo^**     ^mioioo 


WWW        POPOPO       PO^^'fr 


^^         •♦#^^»14w 


^^^••^t* 


^^•♦#^^ 


WWW         WPOPO        POPOPO^        Tf-^-UJUJlO 


WWW        WWPO       POPOPOPO        ^tTj-^-^tiO 


M  W  W         WWPO        POPOPOPO        '*'*^t,t'^ 


*^w*^wwr#      m|#       i^^i 


M  W  W 


WWW        POPOPOPO 


WWW         W  W  POPO 


^^•♦#^C%         ^C% 


M   d  <i  NNCIfO 


*4n  «^rip4n 

PO  "'t^^t'*- 


<*>  <o  f)  ^^ 


ro  **o  fO  CO  fO 


"|WW|Wff^t%  #ftj^W('^C(f^ 


w  mHomHomHo       wionfltawito 


W        WWWW         WfOPOPOPO 


-4*-4* 


M    M    M  WWWW 


W  W  PO  P0<*> 


•^Hrt(^€(|^        w(^c(|^ 


•  ^•■^^1  p4"#^P*^C**^W*^N 


•ui 
spz£  ut  'ptBJq 
gjqnop  'psui 
jaqqru  *uibjq 


o  t^-OO        O  O  m 


TfU^O 


r-  O  m       po  -^"O  oo 

M  M  N         WWWW 


O  W  W  row* 
PO  PO 


POO  "> 


w  w  PO 


O  w)0 


QOO      w»0  w>w5 
oo  OsO      «  tor*  w 


w> 


M  M   M   M   W 


8  lOO  W)0 
t*  O  wo 

W  W  P0  P0  PO 


CD 


c/5 


/ 


-'a 

o 


Tf  P0t» 
woo  O 


o  o  o 

POO0    M 

«o  P0  to 


M   W   ^t       COO 


o  o  o 
mo  Tf 
w  M  t* 

O    PO  M 

W  P0*t 


o  o  o  o  o  o  o 
P0t-O\  o  o  o  o 
O  POO       »o  MOO o 

w  <o  po     io  po  r^  m 

lOOOO        O  POO  m 

M    M   M    W 


o  o  o  o  o 
o  o  o  o  o 

qo^ooo 

66  66  6 

N  POPOTf^t 


o 

go? 


ooo  ^t     w  ooo 


P!I°S 


o  «o.^ 


\ 


P0  W  m      o  o  o  o 

ooo 

o  o 

o 


\ 


INTERIOR  WIRING 


*o 

i 

- 

&i 

M 

K9 

6° 

st; 

-1 

■03 

^ 

0  j 

* 

■■■  ,-,■- 

s 

$M 

s  J 

i  « 

! 

fffl 

fill 

iiltl 

still 

iffjl 

SJS-gl: 
fids 

lift 


\  V-vAt 

yVRSa 

\  \  \  "• 


*88       AMERICAN  ELECTRICIANS' HANDBOOK  fSed!    , 

188.     Wire  Capacity  of  Unlined  Wrought -iron  Conduit  (d 
Short,  Medium  and  Long  Runs.     (See  Pars.  186  and  187.J        I 


jnrcbMdConi-  ■mmstww    *****^  WW** 

P10.  1  W.-Qvrt\*  \>w*  »ft4  W"K*' 
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i  88A.  Standard  Code  Sixes  of  TJnlined  Wrought-iron  Conduit  for  In- 
itallalionof  Wire  and  Cables.— (  ..-.si.lmi  hjh  lu.i.:  ,;,-.  :ht  use  of  not  more 
Aan  three  oo-deh'ree  tlljuiii  in  run-i  takisin  ur-r.j  ..;,-!  iii.iJuding  No.  10  wire, 
uid   two  cih..-.vsf.-,i  v,L~.-.  i-.!-,-,t-  u,..i!  ;■:■■    !-_.     Wires  :■■:■  .  8  and  largerare 

naving  jufisdiai'jn  i-,i"Vi;,.  i::'.i..'::,;[&:. '^I'm-.L,:  ihanninewires  in'thewm 
l-unrluit.  The  wires  ■:■;:,'.  I,y  the  fl.-iih-n.  .  ., monies .,[  various  tuii-i  rliffi 
is  tu  thuln  1  satt  factory  ft 

so.ee  letters  for  this  table  A,  see 'foot  notes.  All  data  in°foliowingatalife7ror.. 
TOis  Nat.  Elcc.  Cf.de.  (tti:1l  !>.»<■  -:.  i.Mf.Yi  !■.■:■  ,,ii  an;  Nat.  Etec.  Cc-ntr'a 
Ass-n  i-wnmrnendstiins. 


wire         SinKle 


i.W.CorB.&S. 


two  oo-desree  elbows,    e  -No.  ig  I.Tiii.li-.i  :,-.;.■.  Uisici  pair.     Standard  Hi 
insulation  telephone  wire.     Based  on  not  more  than  two  go-degree  elbows. 

iSq.     Conduit  should  run  as  straight  and  direct  as  possible. 
There  should  never  be  more  than  the  equivalent  of   four   right- 
angle  bends  between  drawing-in  outlets. 
70O.     Outlet  boxes  (.hat  are  used  (or  conduit  -.tmi\¥,M 
steel,  preferably  coated   with  zinc.     They  not  orfcy  \i<i&.  "Coe 
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duit  ends  firmly  in  position  and  form  a  pocket,  for  enclosing  wire 
joints  hut  they  constitute  electrical  connectors  between  the  ele- 
ments of  the  conduit  system  all  of  which  must  be  in  good  electrical 
contact.  Each  conduit  run  in  an  installation  must  terminate  in 
an  accessible  outlet  box.  Outlet  plates  are  thinner  than  boxes  and 
are  used  where  the  installation  of  outlet  boxes  is  not  feasible. 

igi.    Conduit  outlet  boxes  are  made  in  many  different  forms 

(Figs.  133  and  134)  and  covers  for  them  are  also  made  in  many 

different    forms    adaptable    Kir    special    purposes.      For    Ordinary 

„_—  work  it  is  necessary  to  stock  boxes  oi  but 

[      |Afefe       two  of  these  Forms,  the  shallow  box  II  and 

GwoW-s,      !^™*    the  combination  box  X.  _  The  shadow  hoi 

which  is  designed  primarily  for  outlets  on 

terra  cotta  (Fig.  150)  in  fire-proof  buildings 

can  be  used  for  ceiling  outlets  where  it  is 

convenient   to   enter   the   conduits  into  it 

from  the  back.     Where  the  conduits  slmuM 

enter  the  sides  or  for  combination  fixture 

outlet   work  the  combination  box  of  Fig. 

133,  X  can  he  used,  when  equipped  with  a 

suitable  cover.     Two  of  lie  knock-outs  in 

the   combination  box  are  so  formed  that, 

when   they   are  removed,   either   a   round 

opening  for  conduit  or  an  oblong  opening 

1.  Dili-   f°r   t>'Pe    's   a2orded.      The  shallow  bos 

K-;  it::'l  jur.L-,1.,11  i'n.-x.       which  can  be  purchased  with  or  without 

screw  lugs   for  covers  is  cheaper  than  the 

combination  box.     The  outlet  plate  I  may  be  used  where  it  is  not 

feasible  to  use  an  outlet  box. 

Outlet  boxes  are  made  of  No.  ro  to  ij  gage  sheet  steel  and 
Shcrardized  or  galvanised  ones  are  preferable  to  the  japanned  as 
with  them  the  electrical  conductivity  of  the  conduit  system  is 
better  preserved.  Round  boxes  are  made  3  in.  and  4  in.  in  di- 
ameter. The  3-in.  size  is  large  enough  for  ordinary  building  wiriiiR. 
Shallow  boxes  are  about  %  in.  or  j  in.  deep.  Standard  round  boxes 
for  installation  in  brick  arc  about  i|  or  it  in.  deep  while  those  lor 
lath  and  plaster  are  about  2\  in.  deep.  This  depth  is  necessary  to 
insure  that  conduits  entering  the  side  knock-outs  will  clear  the 
plaster.  Square  boxes  are  about  4  in.  square  and  about  if  in. 
deep  for  brick  and  i\  in.  deep  for  lath  and  plaster. 

102.  All  boxes  should  be  installed  so  that  the  outer  edge  oi 
the  box  or  the  cover  mounted  on  the  box  will  come  Hush  with  the 
surface  of  the  plaster.  An  outlet  or  junction  box  should  never  be 
concealed  as  concealment  would  defeat  its  purpose. 

192A.  Switch  outlet  boxes  for  one  or  two  switches  can  be 
formed  by  equipping  a  square  box  with  switch  cover  as  at  XIV 
and  XV,  Fig.  133.  Where  more  than  two  switches  are  required 
in  one  group  special  outlet  boxes  for  the  group  can  be  purchased. 
193.  A  special  bracket,  outlet  and  junction  box  (Fig.  134) 
3H  •".  in  diaoieteiandain.  deep  is  of  great  convenience  where  there 
are  many  bracket  outlets  to  install  in  tb&V  wo  t>m«S«\ 
can  be  run  into  it  as  with  a  square  bos  but  &\.  trie  sa.au 


ss, 


Sect.  4] 
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diameter  is  such  that  a  bracket  canopy  will  cover  it.     A  So. 
box  with  a  round-opening  cover  will  accomplish  the  same  end  but 
the  combination  will  cost  more  than  the  special  box  illustrated. 

194.     Every  conduit  outlet  should  be  equipped  with  an  outlet 
box  or  plate   to  satisfy  code  requirements.     Although  inspectors 


sometimes  accept  the  arrangement  of  Fig.  135  /,  that  shown  in 
//  is  much  better  and  should  be  used  inasmuch  as  it  provides  the 
ij-in.  separation  required  for  open  wiring  when  the  conductors  a: 
not  enclosed  in  flexible  tubing. 

igS.     Conduit  junction  boxes  which  are  in  reality  nothing  mo: 
than  pull  boxes  on  a  large  scale  are  often  very  convenient  at  points 

r      -_— ml '' . ' '?  : "      '"^'^V 

1 ;  .  .  . , ,  «*•  \  i      Conavits- 


Pig.  136.— A  sheet-iron  conduit  junction  box. 

where  several  conduit  lines  intersect,  as  for  instance  over  a,  switch- 
board (Fig.  lib)  from  which  conduit   lines  tidiaVc.    t\\e  ^iM^sst 
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machine  screws  turning  into  tapped  holes  in  the  frame  so  that  they 
can  be  readily  removed.  Round  holes  can  be  cut  in  the  sheet-iron 
sides  for  the  conduits  or  instead.  ami  often  preferably,  slots  cao 
be  provided.  The  conductors  within  the  box  can  be  carried  from 
conduit  outlet  to  conduit  outlet  in  any  direction  desired,  and  the 
use  of  elbows  and  troublesome  conduit  crossings  can,  thereby,  be 
avoided. 


196.  Pull  Boies  can  often  be  Advantageously  Substituted  for 
Elbows  (Fig.  137). — Large  elbows  are  expensive.  Where  there 
are  three  or  more  right-angle  turns  in  a  run,  a  pull  box  should  be 
inserted  in  any  event.  One  pull  box  may  be  substituted  for  several 
elbows.  Wire  can  be  pulled  in  more  readily  where  there  are  pull 
boxes  hence,  with  them  smaller  conduit  can  often  be  used.  Pull 
boxes  can  be  made  of  sheet  steel  {Fig.  137,  7)  or  of  wood  lined  with 
sheet  steel.  Iron  boxes  should  be  made  in  accordance  with  the 
directions  of  a  preceding  paragraph  (101).  Boxes  should  be  made 
and  drilled  in  the  shop  where  proper  tools  are  available  rather 
than  on  the  job. 


Fig.  i 38. —Si 


157.  Conduit  fittings  are  appliances  used  to  adapt  conduit  to 
different  situations  and  conditions.  Fig.  138  shows  some  popular 
fittings,  the  applications  of  which  are  obvious.  The  code  specifies 
that  every  conduit,  outlet  must  be  equipped  with  an  outlet  box  or 
plate.  A  fitting  like  that  of  J  or  II  placed  on  a  conduit  end  ful- 
£ls  this  requirement.  Crosses,  tees,  and  elboYta  V,  VI  and  III 
can  be  obtained  fitted  with  eitbet  tnetaV  covet*,  ot  yi\_\v  rmv\e\. 
other  devices.     The  fitting  o£  IV  is  used 


a  the  co.4  *A  aa 
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loor  piece  of  conduit  into  which  wires  enter.  Its  shape  is  such  that 
vires  must  enter  upwardly  preventing  the  entrance  of  moisture. 
\s  it  is  almost  impossible  Id  pull  wires  through  a  fitting  of  this 
cind  after  it  is  in  place  it  is  therefore  held  to  coupling  on  the  end 
if  the  conduit  with  screws  turning  into  a  flange.  The  wires  can 
ye  pulled  into  the  conduit,  and  the  filling  slipped  over  them  and 
ittached  to  the  llan^e  wii  hour  its  ijchis;  necessary  to  turn  the  fitting. 
The  fittings  of  VII  and  VIII  can  be  used  either  as  pull  boxes  to 
support  switches  or  for  a  number  of  other  purposes.     Everyone 


Section  of  End 


interested  in  wiring  should  have  the  catalogues  of  the  fitting  ma 
facturers.     These  illustrate  a  great  number  of  fitting  combinations 
and  applications. 

198.  "Pipe  Taplet"  fittings  for  conduit,  Fig.  130  (H.  T.  Paiste, 
Philadelphia;!  have  a  set  screw  which  iisMals  the  usual  pipe  threads 
holding  the  conduit.  With  Pipe  Taplel.s  it  is  necessary  to  cut 
only  4  or  5  full  threads  on  the  conduit.  The  steel  set  screws  in 
the  hubs  of  the  fittings  insure  secure  attachment  and  enable  the 
ccuralely  line  up  his  conduit.     Many  different  foi 


of  these  fittings 
appliance  covers 
catalogue, 
109.    The  Pipe  Taplet  Tap,  Fig.  140  (H.  T.  Paiste,  Philadelphia), 

is  an  exceedingly  cunvcnici:!  appliance  of  porcelain  with  brass 
binding  screws  and  strip.  It  fils  in  the  Pipe  Taplcts  described  in 
the  preceding  paragraph.  It  is  used  for  joining  branch  circuits 
to  main  circuits  in  conduit  wiring.  No  soldcimg,  \s  neawaa^Jj  %& 
the  conductors  are  connected  by  clam\>\ng  Item,  imte  toeAJv&Stt&l, 
posts.     The  porcelain    cover   encloses   the   cora.Q\eX.c\  s^ct.     K 


[Secti     "' 
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similar  appliance  is  made  for  molding  wiring  applications.  See 
the  manufacturer's  catalogue. 

200.    "No-thread"    fittings,   Fig.    141    {Applelon   Electric   Co., 
Chicago),   can   be   used  with  unthreaded  conduit.     Tightening  2 

bushing  "t  a  lock-nut,  chimps  lln;  conduit  within  the  fitting.  Their 
application  is  olijcclinnabk-  in  sum.:  instances  because  they  do  not 
look  as  well  as  fittings  that  expose  no  threads. 


-Steel  Box         lock  fl/ufs" 
Coupling 

fitting. 


201.  Properly  bent  conduit  turns  look  better  than  elbows  anil 
are  therefore  preferable  for  exposed  work.  See  Fig.  142.  If 
bends  are  formed  to  a  chalk  line,  drawn  as  suggested  in  202.  the 
conduits  can  be  made  to  lie  parallel  at  a  turn  in  a  multipli 
shown  at  Fig.  142,  II.  If  sLuiilaril  clhmvs  are  used  it  is  im; 
to  make  them  lie  parallel  at  the  turns.  They  will  have 
•e  similar  to  that  shown  at  /. 


201,  To  Lay  out  a  Right-angle  Conduit  Bend.— Draw  a  chalk- 
line  diagram  of  the  contour  of  the  bend  on  the  floor  as  follows: 
See  Fig.  r43.  Draw  a  base  line  CO  of  any  length.  Lay  off  AO 
4  units  long.  (The  uiiits  may  be  any  dimensions  whatever.) 
With  a  curd  and  ;i  piece  of  chalk  with  0  as  a  center  and  a  radius  of 
J  units  describe  the  arc  IJ.  With.  A  as  a  center  and  a  radius  of 
S  units  describe  the  arc  EH.  The  ttne.  OD  Atoktj  \ts>vn.O  *«*»&. 
A  the  intersection  ol  the  two  arcs,  wift  \»e  at  iVgnXa&^aVvflft  CO. 


>ect.  41  INTERIOR  WIRING 

CO  and  OD  may  now  be  prolonged  for  any  desired  distance. 
The  arc  CD  is  drawn  with  the  cord  and -chalk  with  any  required 
radius  R.  The  conduit  bend  should  lit  parallel  lo  [his  arc  when  the 
bend  is  laid  on  the  floor  for  inspection  as  shown  in  Fig.  144.     Table 


f 

A.             \ 

€r 

Fie.  143. — Laying  out  a  right  angle. 


173    shows   the   minimum  radii  that  should  be  used  for  conduit 

203.     Hand   conduit  benders   are   shown   in   Fig.   145.    Many 
satisfactory  commercial  benders  are  obtainable  but  they  usually 


have  the  disadvantage  that  the  work  must  be  carried  to  them  tc 
bent.  The  "hickeys"  shown  at  /  can  be  used  anywhere,  hence 
are  very  popular.  For  J-  or  f-in.  conduit  the  "  hickey  "  should  be 
a  r-ia.  tee  and  pipe,  A  bender  with  a.  giooMci  mdA  •nV«A'&.iN- 
any  one  can  moke  h  shown  at  //.     The  axtan&emeDS.  A  111  ws^ 
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used  for  large  conduit.     It  consists  of  two  heavy  wooden  bloilt 
bolted  to  a  column  or  other  substantial  vertical  support.  frt 

304.  To  bend  conduit  by  hand,  butt  the  end  in  which  .lie  built 
is  not  to  be  made  against  a  wall  or  other  vertical  substantial  ebjotn 
and  mark  off  on  the  floor,  with  a  line,  the  point  where  tit  bol  fc 
should  come.     Slip  the  bender  onto  the  pipe  to  a  point  »"*" " 


Hickty- 
sCondvit 


FlG.    1 46 . — Bending 


couple  of  inches  of  the  mark.  Then  bend  the  conduit  about » 
degrees  (Fig.  146,  I).  Move  the  bender  back  an  inch  or  solid 
bend  some  more.  Repeat  until  the  bend  assumes  the  proper  form. 
Make  all  bends  with  as  large  a  radius  as  possible.  The  minimi* 
radius  of  inside  of  bend  for  any  bend  is  3!  in.  Where  a  line  ■ 
drawn  on  the  floor,  conduit  can  be  bent  accurately  to  it  (Fig.  i& 
II)  but  if  a  mark  is  placed  on  the  conduit  as  at  A  it  very  dilo* 
to  make  a  proper  bend. 


r -Casting 
Bench  Top 
— Combination  vile  and  bender. 

205.  A  combination  conduit  vise  and  bender  for  conduit  of  ti 
smaller  sizes  is  shown  in  Fig.  147.  By  bolting  the  casting  show 
at  //  to  a  commercial  vise  the  arrangement  shown  at  /  results. 

206.  The  best  viae  for  large  conduit  is  the  so-called  combinatic 
vise  which  is  a  combination  of  a  pipe  vise  and  a  machinist's  vise 

107.     Cold  Bending  Large  Conduit.— A  rig  for   doing  this 

lown  in  Fig.  148.    The  bending  rig  can  be  set  up  in  a  door-in 

or  between  any  strong  vertical  s\ipyjoiW>.   "ViAi-ukqb!!.-!.  cheaper  I 

hend  Urge  elbows  than  to  buy  t-bwo..    &*ras%ca3«&3&q\K)a4 


shown  il 


Sect.  4 1 
chalk  1 
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.  ox)  on  the  flour  to  bend  to  before  starting.  Ii 
ming  a  bend,  shirt  at  one  end  of  ! he  curve  that  Ls  to  be,  bend  : 
lilt  It  with  tile  j;i''k  screw  and  then  take  the  cumin  it  out  and  to  th 
chalk  line  ami  compare  it  therewith.  Proceed  thus  until  the  beni 
required  is  formed.  A  hydraulic  rather  than  a  screw  jack  may  b. 
necessary  for  conduits  larger  than  2  in.  diameter. 

The  wooden  form  by  means  of  which  the  jack  screw's  pressure  i 
appUed  to  the  conduit  is  detailed  in  Fig.  149.     It  should  be  of  • 


Fig.  14a,— Cold 


hard  close-grained  wood  such  as  maple.  The  diameter  of  the 
groove  should  lie  a  trifle  larger  than  thai  ot  the  conduit.  There 
should  be  a  block  for  each  size  conduit,  but  sometimes  a  conduit 
can  be  successfully  bent  with  a  block  for  a  larger  size.  If  the  groove 
does  not  fit,  the  pipe  may  crush.  The  iron  strap  reinforces  the 
groove.  The  bolt  should  fit  the  hole  for  it  in  the  block  tightly 
or  the  block  may  crush.  The  radius  R  (Fig.  143)  should  be 
not  less  than  that  of  standard  elbows;  see  Table  173.  The  min- 
imum, inside  radius,  is  3J  in. 


208.  Threading  Conduit. — The  same  dies  that  are  used  by  steam 
and  gas  fitters  for  threading  pipe  arc  used  for  threading  conduit. 
It  is  usual  practice  when  a  lot  oi  conduit  is  received  to  rethread  all 
of  the  ends  which  may  have  heconie  tilled  with  paint  or  dirt  or 
distorted  by  blows.  Rethreading  will  save  marc  ftum.  "\V=.  sntt."-* 
that  h  insures  rapid  erection.     Always  ieteamcuTia.\ivx»S\.et 
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[Sect.* 

-efer.ibh 
...;u  . ...;, 


209.  Pipe-threading  machines  for  threading  conduit,  prefer; 
those  operated  by  motors,  should  he  used  on  big  jobs  and  wili  si 
pay  for  themselves  in  the  lime  that  they  save. 

210.  Running  thread  joints  (Fig.  150)  a  re  sometimes  used  when 
it  is  necessary  to  connect  the  end?  of  two  lengths  0!  conduit  neither 
of  which  can  be  turned.     Running  threads  are  often  used  in  making 


.■Conduit  Em 


-.  rso. 


repairs  to  or  alterations  in  existing  conduit  installations.  The 
function  of  a  running  thread  joint  is  similar  to  that  of  the  pipe 
union  used  in  steam  and  gas  fitting. 

To  make  a  running  thread  joint,  the  thread  on  one  length  of 
conduit  (Fig.  150)  is  cut  sufficiently  long  that  the  coupling  can  be 
run  entirely  on  it  while  the  adjacent  length  is  being  fitted  into 


*»*\  'fsrss1-. 


position.  The  adjacent  length  has  the  usual  "short  thread." 
After  both  lengths  arc  in  position  the  coupling  is  turned  until  it 
wedges  up  tightly  on  I  he  slwri  I  bread.  Alu.ut  half  of  the  coupling 
should,  in  the  completed  joint,  rest  on  each  length  (Fig.  150,  //). 

A  lock-nut  should  lie  used,  as.  shown,  on  the  long  thread  length 
to  hold  the  coupling  firmly  in  the  conduit  as  it  is  apt,  otherwise, 


jffotmdedEnd  SanKctof? 


to  fit  loosely  because  of  the  long  thread.  An  excellent  l-'ek-nul 
can  be  made  by  sawing  off,  with  a  hack-saw,  about  one-third  of  a 
coupling  and  usiiiE  this  third,  as  shown  in  Fig.  151.  The  standard, 
hexagonal,  conduit  lock-nut  often  gives  trouble  because  it  has  only 
a  few  threads  and  they  may  be  "\uose."  ViYiete  a.  Mcry  neat  ~l 
is  required,  saw  off  the  rouuded  end  ol  fee  siaR4a.ti         : 


iTO^W 
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that  the  sawed  cii'1  of  (lie  improvised  Cuupling  lock-nut  will  hav 
a  square  surface  on  which  to  abut.  Sec  Fig.  152  ior  an  illustration. 
aioA.  The  Erickson  coupling  (Fig.  152,  A),  was  devised  for  the 
same  applications  as  those  for  which  I  lie  running  thread  is  used. 
The  illustration  shows  the  construction  oi  the  device. 

Conduit 


211.  Wrenches  for  Turning  Conduit. — The  form  of  wrench 
shown  in.  Fig.  153,  I ,  appears  to  be  the  most  popular  for  turning 
conduit.  Chain  wrenches  (ID  are  nut  as  yet  much  used  for  conduit 
work  but  in  instances  where  they  have  been  tried  they  have  proven 
very  satisfactory.  Their  advantages  lie  in  the  facts  that  they  c; 
be  used  with  one  hand  after  the  chain  is  around  the  conduit  a 


that  they  can  be  used  in  confined  places  and  close  to  walls  where  a 
Stilson  wrench  could  not  be  utilized. 

212.  Conduit  ends  should  always  be  reamed, 
that  of  Fig.  154  that  can  be  turned  by  a  bit  brace  is  a  good  tool  for 
Small  and  medium  size  conduit.  For  conduit  of  the  larger  sizes, 
reamers  can  be  obtained  which  have  long  handles  attached,  giving 

Reaming  Edg: 

the  needed  leverage.     When  conduit  is  received,  and  after  it 
the  ends  are  frequently  turned  in  liig.  755,  /)  and  when  screwed 
together  in  a  coupling  form  a  knife-like  edge  which    will   abraid 
insulation.     When  the  ends  are  proiieriv  reiuncA  \\wj  a.\s^«a.t  s.v 
shoa-n  in  Fig.  155,  //,  but  if  I  hey  are  screwed  Uiy,eVttet  too  "6^8^ 
they  amy  turn  up  as  at  ft  defeating  the  thing  l.Via.Viea.tm.nf,'^"'^* 
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accomplish.     Where  no  olher  tool  is  available,   conduil 
reamed  by  hand  with  a  half-round  file. 
213.    The  best  tool  for  cutting  conduit  is 


::: 


large  burr  on  the  inside  o[ 
t.  While  cutting,  Lhe  con- 
duit should  be  held  in  a  vice.  On 
jobs  where  there  is  a  great.  <leul  01" 
conduit  to  cut,  the  installatiun  iii 
a  motor-driven  cold-cut-off  saw, 
such  as  Is  used  for  cutting  struc- 
tural steel  and  rails,  will  prove 
economkal.  A  rapidly  totality 
steel  disc  without  teeth  cut?  lie 
pipe.  Water  must  he  sprayed  on 
the  disc  to  keep  it  coo]. 

114.  In  installing  exposed 
conduit  runs  where  there  are 
several  conduits  in  the  run  it  is 
umillIIv  heller  to  carry  the  erec- 
tion of  all  ol  them  along  together 
rather  than  to  complete  one  liric 
before  starting  the  others.  If  all 
,ier  to  maintain  all  of  the  duels 
d  Lhe  chances  are  that  the  job 


Iron  yi \y 

Detail  of  W.I 
Wooden  Block  Beam  Strap 
— Beam  Straps 


2*5-     A  hanger  for  supporting  conduit  on  nono^  tie  ^5S%.  v*\ 
'   only  one  hole  is  necessary  through  vnc  We  -» 


ic  «\a0n  Vs  ctmaifcoM 
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weakened  by  the  two  holes  and  plugs  close  together  that 

sary  for  a  pipe  strap.     The  flexible  mt'Ld  strap  is  bent  around 

pipe  and  through  the  slot  after  the  conduit  is  in  position. 

216.  Conduit  can  be  supported  on  surfaces  with  pipe  str 
{Table  183).  On  wooden  surfaces  wood  screws  secure  the  straps 
in  position.  On  masonry  surfaces  wood  screws  turning  int( 
wooden  plugs  driven  in  holes  in  the  surface  or  turning  into  lea< 
expansion  anchors  can  be  used.  Wooden  plugs  are  apt  to  be 
unsatisfactory  because  it"  mailer  how  well  seasoned  a  1  >'. mr  appear? 
-    to  be  it  will  usually  dry  out  some  and  loosen  in  the  hole.     Where 


I-Beam-* 


If 


J- Beam  Clamp 


is».— Con 


Cff3t3 


.   conduit  is  carried  on  the  flanges  of  I-beams  one  of  the  many 
mercial  clamps  can  be  used  or  the  one  referred  to  in  219  «...  __ 
applied.     Conduit  can  also  bn  supported  on  an  I-beam  by  first 

ill  lupins  '■•  wihhUtj  block  lo  I  be  benm  and  then  si-curing  I  he  conduit 
to  the  block  with  pipe  straps.      (See  Fig.  157.) 
217.     Some  commercial  I-beam  conduit  hangers  are  shown  ir 
,    Fijt.  15S.     The  one  at  /  is  an  I-beam  clamp  formed  from  wrought- 
i-'.-i  strap.      'IT"-  h:  i.j'i-r  '-r  ■  l.iiiip    -  the-  p.irl   I  lul  -.:r:ps  I  lie  beam 
ol  that  at  II  can  be  purchased  of  cither  stamped  steel  or  malleable 


iron.     The  support— the  yoke  in  which  the  conduits  rest — is  of 
malleable  iron  and  can  be  purchased  Lo  accommodate  one  or  several 
conduits  of  different  sizes. 
ir8.     Conduit  in  Are-proof  buildings  is  usually  carried <y 


_  it.  In  vertical  runs  in  w  lifts  tm  \n\tU\AO«5  \Sie.%Js 
proofing  h  cither  ,  hunneled  for  or  built,  around  tivc  c.OT*»Vt  "M^ 
«  Beta  ia  place  pnot  to  plastering  with  cut  taSXa  ot  pV^00^' 


ai 
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The  I-beam  conduit  clamps  of  Tabic  320  will  be  Fgund  ol 
nvenienre  in  slecl  mill  and  nri'-prm.if  building  work.  Thrit 
principal  advantage  is  that  they  draw  the  conduit  uji  '.ImI;. 
against  I  lit  l-bo;im  and  grip  it  very  firmly.  In  a  multiple-conduit 
run  each  conduit  can  be  secured  to  a  given  beam  with  ill 
pair  of  clamps.  Where  the  clamps  are  used  nn  conduiti 
group  that  He  close  together  the  stove  bolls  should  be  used 


In  case  studs  are  used  instead 'of stove  boil?--  L>:,c  Q  r.V.v'.:  for .?  ■' 
combinations  in  left  hand section  of  table,  use'fi'studs  forall 
combinations,  in  center  section,  o^'3"iWi  forall 
combinations  In  right  hand  section, 

i*---'<fe->]  \*-\%-*\  r--\'4'' 


'is- 


preference  to  the  studs  so  that  they  can  nc  drawn  up  with  a 
driver.     For  a  single  isolated  conduit  either  studs  or  stove  bolts  I 
can  be  used- 
Fig.  160  shows  the  ~i/.ti  of  (lie  -Love  bolls  or  of  the  studs,  that 
should  be  used  with  a  given  1-bca.m  and  1  mwWn  o\  a  ^wcT>™t. 
Stove  bolts  of  the  sizes  indicated  are  re^V-vtV;  Tn&Tci&«gHM&^$ 
■ire  not  always  readily  obtained.    Tbe  state  c»a\w  e»^1 
threading  (he  ends  of  l-in.  wro^U  \t<™  t>>'V    £V"f™^ 
the  nuts  on  the  studs  can  be  tightened  *rrt*H*««- 
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230.  Dimensions  of  I-beam  Conduit  Clamps. — Clamps  to  be 
made  of  cast  tir  malleable  iron.  See  Fig.  ilia  showing  dimensions 
of  stove  bolts  and  studs  for  clamps. 


nit.    A     B      C     D    E  I  F 


I      JKLMNOPQR 


MM 


22i.     Conduit  in  concrete  buildings     much  of  it.  at  amj  \a\jt— 
should  be  installed  while  the  building  is  bemg  etccVsA.    1\*  «sva.- 
lets  and  the  conduit  between  outlets  shottUV  be  aA\a.<XiR&  \»  "Oofc 
arms  and  the  concrete  can   be   pouted  around  vbcm  lj\i.  **"*' 
lliere  several  conduits  are  to  pass  thrcmeft  a  *a\V^art\V3.aB.w  ftQt; 
Plugged  sheet-iron  tube  (Fig.   163,  /)   should  be  set  \v-  *>•' 


1  vVe.  Vo« 


topi 
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provide  a  hole  for  them  in  the  concrete.     Where  a  single  conduit 
to  pass  through,  a  nipple  (Fig.  i0.(.  //)  can  be  set  in   '     ' 

A   running   thread  should  be  nrovided  on  the  nipple  * 

adjacent  conduit  lengths  can  lie  connected  to  it. 

222.     Another  method  of  supporting  conduit  in  concrete  build'     . 

ings  is  described  in  83  and  is  illustrated  in  Fig.  60. 


223.     Conductors  in  vertical  conduits  must  be  supported  w 
the  conduit  system  as  indicated  in  the  following  table. 

No.  14  to  o  inclusive  every  100  ft. 

00  to  but  not  including  0000  every  So  ft. 

0000  to  but  not  including  ;:so,ooo  C.  M.  every  60  ft. 

350,000  C.  M.  to  but  not  including  500,000  C.  M.  every  ;■"  i 

500,000  C.  M.  to  but  not  including  750,000  C.  M.  ivory  40  ■ 

750,000  C.  M.  and  over  every  35  ft. 
The  following  methods  of  supporting  cables  are  recommemW  c 
by  the  Underwriters: 


an  J   .:■■■;,.■■:   in  ;i  sat  factory  manner  so  as  Id  withstand  the  weight  of  t 

,     „  !■.     -.-.,-...      ■       !:.■:■!         ■  ■    ■      :■  ..;,.-.;     ■   ..  ■..-., |,  .,, ..,,  -      .....  ■,. 

■  ■■  v    ■:■  .'  ■  '       ■  ■■'■■'■ 

J!  an  angle  clnnr  less  than  on  ftcum:-.  :>■■.■''■  >  ■.'.-■■  ■*■ 

:<.    ..:  ■„..■*■.' .™.      ■ 
ended  may  be  additionally  secured  t°  fl"»  '™>™^ 


«*.*, 


by  the  Inspection 
,  1912)  is  tempered 
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Other  methods,  if  used,  must  be  approved 
epartmeots  having  jurisdiction. 
324.      Fishing  wire  (Papular  Electricity,  Apr.  ; 
eel  wire  of  rectangular  cross- section.     It  is  a 

used  sometimes  for 
irset  steels  and  can  be  iL 

stained   at  corset   fac-  JC< 

iries  and  at  electrical 
ipply  houses.  A  fish- 
;g  wire  ia  termed  a 
snake"  by  some  w-ire- 
len.  See  Table  227. 
3  that  a  fishing  wire 
ill  slide  readily  past 
nail  obstructions,  hooks 
Jould  be  bentin  its  ends 
*  shown  in  Fig.  165. 
of i.j re  1  j ending,  the  ends 
lould  be  annealed  by 
earing  them  to  a  red 
eat  and  allowing  them 
>  cut.il  sluwly.  A  small 
"rass  knob  riveted  to  the 
Qd  of  a  fishing  wire 
Fig.  166),  is  better  than 

hook  as  regards  the 
ase  with  which  the  wire 
an  be  pushed  through 
enduit.  Where  fishing 
i  difficult,  it   is   some- 

imes  necessary  to  push  vora™i™nuu«urnm. 

\io  "snakes"  with  hook 

ndsinlo  the  wire  way,  one  from  each  of  the  outlets,  as  shown  in  Fig. 
65.  The  wires  must  lie  worked  ljat:k  and  forth  and  twisted  around 
inril  the  two  hooked  ends  engage.     Then  one  wire  can  be  pulled  into 

Conduit 
Fishing  Wire-l 


C@= 


Hooks' 

Fig.  265.— Hooks  bent  in  fishing  who  ends. 


ie  duct  with  the  other.  The  Swan  fishing  wire  for  conduit,  shown 
.  Fig.  16;,  has  a  patented  coupling  on  tine  end  and  a  patented 
drawing-in-eye"  on  the  other,  which  can  \it  maiis  \»  wyw{£ 
'thin  conduit,  as  shown  in  the  i  llus.tr  a.ttou, 


" 
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When  Galling  from  two  ends,  as  in  Fig.  165,  it  is  often  advialii 
lo  lie  a  loop,  possibly  a  foot  long,  of  cord,  in  the  hook  of  0 
and  bend  down  the  hook  (Fig.  168).    The  other  wire  has; 
hook  which  can  be  made  to  engage  in  the  cord  loop  quite 


Fig.  167. — "Swan'"  coupling  and  d 
II  lias  ln-i':i  fuMiid  (hat  a  fish  v 


1  conduit  in 


„    160,  by  loosely  winding  the  endwli 

0  that  the  wire  or  cord  cannot  pull  off.    Oiling 

a  fish  we  or  attaching  ,111  oil-soaked  pica 

of  waste  to  its  end  often  helps  in  falling 

conduit. 

225.     Chain  is  used  for  vertical  fishing. 

A  small  chain  can  be  made  to  drop  doits 

a  vertical  wire  way   with  little  difficulty. 

FlC"  3MfTi?mi  '™P  °n    Within  a  partition,"  the  noise  matte  by  tli 

end  of  fishing  wire.        lower  end  of  a  cliain  that  is  jiggled  up  and 

down  will  disclose  its  location  almost  exactly. 

226.  Galvanized  steel  wire  can  be  used  for  fishing.  Any 
from  No.  14  up  to,  possibly,  No.  6,  as  occasion  demands,  ma; 
utilized,  but  in  nearly  every  case  the  llat  steel  ribbon  wire  wil 
found  preferable. 

^-Hookitiendof  fish  wire 

—  ■"■-«  Turns 


227.    Dimensions  of  Steel  Fish.  Wire 
The  1-in.  wide  wire  is  the  size  most  frequently  used.    The  w 
s  usually  put  up  in  coils  of  50,  75,  10a,  150  and  21 


»#&* 


•mSU. 

-T 

Weight,  per 

Per  p. 

■  1   1 

i 

4 

• 

0.035. 

lib!  ijS         6o 

1  lb.     8  ™.            00 

I 

0.61 
r.50 
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318.  Where  conduit  cannot  be  fished  with  a  steel  fishing  wire 
ecause  of  some  obstruction,  it  is  often  possible  to  blow  through, 
"ith  the  mouth  or  with  a  plumber's  force  pump,  a  ball  of  cork  of  a 
iameter  somewhat  less  than  that  of  the  conduit.    Attached  to 

it  cork  ball  is  ;i  small  sir ons;  cord  f  lish  line:)  which  can  be  used  for 
tailing  in  a  length  of  small  nire  which,  in  turn,  can  be  used  for 
rawing  in  the  conductors.     Put  the  ball  in  the  conduit  and  feed 

Barf  Copper  Wire 


a.  some  string,  then  blow.  With  a  plumber's  pump,  a  tee  is  neces- 
ary  on  the  end  of  the  conduit;  one  opening  is  used  for  feeding  in 
he  string  and  the  other  for  the  pump  blast.  Close  the  cord  opening 
W-hen  blowing. 

220.  In  drawing  wire  into  conduit  {Practical  Engineer,  Apr.  17, 
«)I5),  it  is  a  mistake  to  use  so  much  force  thai  the  wire  cannot  he 
withdrawn.     Conduits  should  be  biy  enough  so  that  excessive  force 

,- -tutor  Insulated  Wire,  **»******.  78 

^-~ rr-rr-TT-i-  .  FishWI. 


is  not  necessary.  Duplex  No.  14  conductors  ran  often  be  pushed 
through  "easy"  runs.  Small  conductors  (No.  14  and  No.  15) 
ran  be  pulled  in  with  the  fish  wire.  Fig.  171  shows  how  they  can 
be  attached  to  the  fish  wire  and  Fig.  175  how  the  attachment 
should  be  served  with  tape  to  render  pulling  easy.  It  spoils  any 
fishing  wire  to  draw  in  with  it  conductors  that  pull  hard. 

6alr.5tee!fiire 
FiihinetWire-  ^'"eCopperWire Wrapping  Pulling-inllne 


Pig.  I7J. — Attachment  of  pul'.inj 


For  conductors  larger  that:  Xn.  •:.  anil  \'<>.  14.  unless  the  "pulls" 
ire  "very  easy,"  a  pulling- in -line  which  is  drawn  into  the  conduit 
rith  the  fish  wire  should  be  used  for  hauling  in  the  conductors. 
Jo.  10  or  No.  12  B.W.G.  galvanised  ft  eel  wire  mokes  a  good  pull- 
Hg-in-lme  and  is  probably  heller  tor  heavy  work  than  rope.  Two 
irands  can  be  i.'.-red  if  necessary.  H.auV,,  -.A  vj  V«W  tt«wv 
wisted  rope  for  a  puffinjj-in-line,  bec-^J*  wHer*  Vens-vm  w  *WVvt&., 


t 
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..  rope  lends  to  untwist.     Sash  cord  is  satisfactory  [or light  w 
ialvani/.cd  sled  pulling-in-wirc  can  be  attached  t( 
Fiff-  173- 

Three  or  four  links  from  a  chain  of  no  greater  diameter  IbsD  I 
line  should  he  made  ti j >  in  llie  uid  of  a  rope  or  cord  pulling -in-" 
Wires  to  be  drawn  in  or  a  fish  line  can  be  attached  lo  tie 
(Fig.  174).     One  stranded  conductor  can  be  attached  toapul 
in-line  as  in  Fig.  175.     The  attachment  should  he  taped  over! 
make  it  smooth.      If  two  conductors  are  lo  be  pulled  in,  one  of  tin    ki 
is  "made  up  "  into  a  loi>;>  in  the  end  of  the  pulliii^-in-linc.  asslwi   fa 
in  Fig.  175.     The  insulation  is  trimmed  from  this  conductor!    k 

mfUmw 


i  of  puilhu 


I 

mi 
Ml 


6  in.  or  more  and  the  bared  end  nf  the  other  conductor  is  n 
about  the  first  one,  forming  a  long  wpcrii-i<;  connection.     If »! 
pull  is  expected,  it  is  advisable   lo  solder   the  connectic 
whole  should  tie  served  with  tape  as  in  Fig.  171.    If  tin 
are  to  be  drawn  in  instead  of  two,  the  attachment  is  the  sa 
addition  that  the  bared  end  of  the  third  conductor  is  m 
■ound  the  other  two.     The  diameter  at  any  section  of  the  It 
ment  must  not  exceed  the  over-all  diameter  of  the  n 
attachment   should   be   in   the   form   o£   a   conical   V___ 
sometimes  necessary  to  cut  oil,  possibly,  half  of  the  strands  cf 
bared  ends  and  make  up  only  the  strands  that  remain  to  '"' 
that  the  attachment  will  In:  of  sul'ijciently  small  diameter. 

£°dsofHj™  served  around       CopperCab/e 


■^^ssm^ 


kFiO.  173.— Attachmo 
230.  Force  for  pulling  in  conduit  is,  in  the  case  of  easy  pi 
supplied  by  men.  Tackle  blocks  are  permissible  for  heavy  pult 
Cranes  can  often  be  used  very  effectively  where  they  are  availaMt 
Snatch  blocks  can  be  used  to  guide  the  pul  ling-in-line  to  MM 
point  where  it:  can  be  either  \nv\W-d  v^iiU  vlv:  a;mc  hook  ot  l>\  th 
crane  in  traveling  along  its  nutwuv-  N.^2***11  "«'"  " 
pulls  by  either  repeatedly  isuAiauos  fcc  v^Wmt-'vi 


INTERIOR  WIRING  509 

>ing  it  with  a  pair  of  pliers  and  then  prying  against  the 
the  lever.  Only  a  short  pull  is  possible  with  each  setting 
cssion  of  settings  and  prys  is  necessary  to  draw  the  con- 
feeding  conductors  into  conduit,  care  must  be  taken 

go  in  symmetrically  and  ivithoul  lapping  or  twisting. 
luctor  crosses  another  it  may  make  a  "hump"  that  will 
the    conduit. 


1  and  connecting  it  by  a  ground  wire  with  a  similar 
.ched  to  a  water  or  gas  pipe  outside  of  the  meter.  The 
be  soldered  in  the  clamps.  All  parts  of  the  conduit 
st  be  in  good  electrical  contact.  It  may  be  necessary  to 
le  enamel  from  fittings  or  from  conduit  threads  to  effect 
conduit  system  is  not  grounded  and  one  side  of  the  cir- 
in  contact  with  the  conduit,  an  electrical  path  may  be 
if  the  other  side  of  the  circuit:  happens  to  be  grounded. 
■  Hen  (The  neutral  wire  of  a  three-wire  system  is 
V™"  '  \  usually  grounded.]  The  electrical  path 
JjllaBffiJ    tnu^   completed    might  be   through  damp 

W~  " ^^    wood  or  a  contact  with  a  gas  pipe.     A  fire 

pj-  saw         might    result.       With    the    conduit    well 
pj  grounded  such  a  short-circuit  would  blow  a 

ibltStrap  fuse  and  thereby  reveal  itself.     With  com- 

blnation  fixtures  the  gas  pipe  should  be  in 
tablVgroun'd    ^rm   electrical   contact   with   the   conduit 
system  at  each  outlet  box. 
233.    Wire  for  grounding  conduit  must 
ler,  at  least  No.  10  B.  &  S.  gage,  where  the  largest  wire 
in  conduit  is  not  greater  than  No.  o  B,  &  S.  gage.     It 
le  greater  than  No.  4  B.  &  S.  gage  where  the  largest 
ined  in  conduit  is  greater  than  No.  o  B.  &  S.  gage, 
nust  be  protected  front  mechanical  injury. 
1  excellent  ground  clamp  (the  taittic™  toaAft  V3  "Asa 
ectric   Company,    I'liIhiMyih"1')    \=>  sWmtv  "to.  "?S%.  vy\ - 
ible  and  is  made  in  four  si/.cs.     So.  t  fea  V™.-,  V^- 
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i-in.,  and  i-in.  conduit  or  pipe.    No.  2  fits  1  i-in.,  1  J-in., 
and  No.  3  fits  2  J-in.  and  3-in. 

235.    Flexible  metallic  conduit  (Standard  Handbook)  may] 
used  for  all  kinds  of  wiring;  being  in  some  cases  preferable  to  1 
conduit.     Its  installation  is  much  easier  and  quicker  than  the] 
stallation  of  rigid  conduit,  the  latter  coming  in  short  pipe  le 
whereas  the  former  may  be  had  in  lengths  of  50  to  200  ft  de 
on  the  size  of  the  conduit.    Practically  the  same  Nat.  Ekc.\ 
rules  apply  to  the  flexible  as  to  the  rigid  conduit.    Ru 
covered  wire  must  be  used;  outlet  or  switch  boxes  must  be  ii 
at  all  outlets  or  switches;  the  conduit  must  be  continuous  fraud 
let  to  outlet,  must  be  securely  fastened  to'  the  boxes  and  — 
with  proper  bushings  and  must  be  permanently  and 
grounded  with  a  copper  wire.     (See  Par.  233.) 

Its  flexibility  together  with  the  continuous  length  pi 
make  its  use  practicable  when  rigid  conduit  would  be  out  flfl 
question.  For  this  reason  it  may  be  employed  to  advantap 
finished  houses  and  in  frame  buildings  in  place  of  the  other  fa 
of  wiring  so  largely  employed  in  these  structures.  The  condi 
easily  fished  and  requires  no  elbow  fittings.  These  may  he  1 
with  the  conduit  itself;  but  care  should  be  exercised  in  prop 
fastening  the  conduit  at  elbows.  (Fig.  180.)  Fittings  are 
the  market  whereby  changes  from  other  forms  of  wiring  ma) 
easily  made  to  flexible  conduit  wiring.  Iron  plates  should  bet 
to  protect  the  conduit  from  nails,  where  it  passes  through  slol 
floor  beams  or  studding. 


235A.    Greenfield  Flexible  Steel  Conduit 


JT-Jfc 


Double  S+rip  Type  Single  S+ripType 

Fig.  178. — "Greenfield  flexible  steel   conduit. 
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36.  Installation  of  Flexible  Steel  Conduit  and  Flexible  Steel 
nored  Conductors. — W hurt'  c.tposcd  ttiey  may  be  clamped  to 
surface  wired  over  eii.liur  with  pipe  'looks  or  with  pipe  straps. 
.ere  concealed  Lliuy  can  lit  fi-liud  inlo  place  just  as  any  other  coa- 
led conductors  arc  fished  in. 


II  Coupling 

flexible  steel  conduit. 


137.  Flexible  steel  conduit  is  joined  with  clamps  as  illustrated 
Hg.  170.  Short  lengths  can  be  coupled  to  lunger  pieces  with 
j  clamp  of  /  and  waste  thereby  prevented.  The  clamp  at  // 
iscd  for  coupling  rii;id  to  fk-xilile  conduit. 


Where  elbows  are  formed  in  flexible  conduit  * 
■ion  must  be  made  to  proven  1  the  coin  hi  it  from  st  rationing  out 
*reby  preventing  the  withdrawal  of  the  conductors.  Pipe 
sps  can  be  used  in  some  cases  and  in  others  an  elbow  clamp 
ig.  1S0)  can  be  applied. 

»3r>.  Fleiible  steel  armored  conductors  and  fleiible,  steal, 
aduif  can  be  connected  into  steel  boxes  ■*r\iii  \Xve  wnroeciuM. 
istrated  in  Fig.  181.     The  fitting  shown  Va  at  S.^ra.s».c  «™k^ 
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facturc  and  is  formed  from  sh 
ciamped  to  the  armor  with  a  h 
connection  between  armor  and  ! 
Flexible  Sfeet fctidufo 


lectrt 


facture   and  is   formed   from   sheet  steel   and  galvanized, 
ciamped  to  the  armor  with  a  bolt  which  insures  good  electri 
between  armor  and  steel  bov.    Fig.  182  shows  Bed 
steel     conduit     conned 
into  an  outlet  hoi. 

240.      To     cut     fieri 

steel  conduit  a  fine  u 

ilil    be   us 


■     ■-      ffi^jjjjjjj^j    HH^      Special  \ 

chased  which  have  a  ; 
across  their  jaws  to  gu 
the  saw  biade,  the  cond 
being  held  between  groo 
in  the  jaws. 

241.  For  reaming  fl. 
ible  steel  conduit  a  spa 
reamer  (Fig.  .S3)  hash 
nude  but  inasmuch  as 
burr  resulting  from 
hack-saw  cut  is  very  sm 
it  can  be  readily  remo' 
with  a  three-corner 
scraper  made  from  a  thi 
cornered  tile  or  with 
ordinary  file.  The  real 
illustrated  is  for  condui 
ii  in.  or  less  diameter. 
•wnairtrc/ra-  242.       Fish     plugs 

Fig.  Hi.— Fleiible  steel  conduit  outlet  box.    pulling  in  flexible  COM 
(Fig.    184)    are    furnisl 

by  the  conduit   manufacturer  for  Jin..  J  -in.  and  Jin.  double  i 

single  flexible  conduit.    After  the  conduit  has  been  cut  off  squ 

in  a  vice  with  a  hack-saw  the  Csh  plug  is 

screwed  into  the  lube  and  the  fish  or  draw- 

ing-in  wire  attached  to  the  plug  for  pulling  in. 
343,    Flexible  steel  armored  conductor 

(Fie.  185)  {Slinidiird  lL.;>iJl'ook)  consists  of 

rubber -covered  wire  protected  from  injury 

and  to  a  certain  extent  from  dampness  by 

two  layers  of   flexible   steel   nrmor.      The 

cable  may  be  ohtaiueil  leaded  or  unleaded, 

both  being  protected  with  the  steel  armor. 

The  leaded  cable  differs  from  the  unleaded 

in  that  it  has  a  lead  covering  between  the 

wire  and  steel  armor   to  protect  it   from 

excessive  dampness.      Both   the  unleaded 

and  leaded  cables  are  made  with  single  and 

multiple   conductors   of   almost  any    gage 

wire.      The  leaded  armored   cable   is   ap- 
proved and  can  be  used  ior  att  daises  oV 
work,  open  or  concealed,  in  fire-Yii°°l  or  no 
and  during  or  after  construction.    Tte  utiKaAsi  «W« 
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can  be  used,  open  or  concealed,  in  non-fire-proof  buildings  pro- 

d  they  are  not  subject  to  moisture. 

le  proper  way  to  install  armored  cables  in  new  building*  is  to 

holes  in  the  joisis  and  |>:in  itions  and  to  lace  the  cable  in  the 
:  manner  as  wires  in  concealed  knob -and -tube  work;  but  it 
Id  always  be  looped  from  outlet  to  outlet.  Where  the  cable 
iced  in  slots  nails  are  liable  to  be  driven  into  it  and  not  being 
proof,  it  must  be  protected  al  such  points  with  o.ijj-in.  iron 
ts.     None  of  the  cable  should  be  installed  until  the  roof  and 

are  in  position.     In  running  between  joists  and  at  outlets 

Conduit  Plug  Plug  in  Position / 

:able  should  be  securely  fastened  if  possible  with  pipe  hooks  or 
>s,  so  that  in  case  the  lo>k-mi[s  or  bushings  should  fall  off  at 
■ts,  the  fastenings  will  prevent  the  cable  from  pulling  Out  of  the 
and  becoming  lost  between  the  joists  or  studs, 
le  wires  should  extend  about  one-half  a  foot  beyond  the  outlet 
in  order  to  permit  the  proper  connection  of  livuires  and  switches, 
>me  cities  unleaded  armored  cable  is  not  permitted  to  be  plas- 
1  in  brick  walls  or  on  metal  partitions;  but  where  allowed  it 
Id  be  cemented  in  place  and  allowed  to  stand  several  days 
re  the  walls  are  plastered  so  that  the  cable  will  be  protected 

^Ftetibk  Steel  Armour--.^;- Con</ucfvrs  C^rdi/cfars-.. 

SHUSH 


adductors. 

i  the  dampness  caused  by  the  wet  plaster.  The  unleaded 
i  should  not  be  ran  cadcr  tile  or  cement  floors  until  after  these 
!  been  laid  because  of  the  dripping  water.  Armored  cable  is 
best  substitute,  not  including  rigid  conduit,  for  concealed 
i-and-tube  work  and  also  for  molding  work. 

4.  Manipulating  Flexible  Steel  Armored  Conductor. — It 
Id  never  be  spliced  except  at  outlets.  Many  methods  of 
:ning  cable  in  outlet  boxes  arc  in  vogue.      Outlet  bushings  are 

widely  used.  Outlel  and  switch  boies  specially  adapted  for 
ale  armored  cable  are  on  the  market.  Many  special  cutters 
m  the  market.  The  armor  should  be  cut  square  so  as  not  to 
;  sharp  corners  which  cut  into  the  insulation  of  the  wires. 

5.  Steel  Armored  Conductor  for  Old  Building  Wiring. — It 
be  used   to  great  advantage  in   this   work.     An   advantage 
csscd  by  it  is  that  it  can  be  run  with  almost  utter  dii.retyi.rd  to 
intact  with  pipes  or  other  material  and  can  "tie  S\^ati\<^\owfe 
ices.     Its  own  weight  is  suflicient.  to  ca.uy  "A  do'un  ^a.t'CiSiv'^i. 
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and  it  is  stiff  enough  to  fish  between  joists  without  the  in 
fish  wire.  It  can  also  be  installed  quicker  and  with  loss  ci 
of  walls,  fioors,  etc.,  tlian  can  wires  in  flexible  tubing  or  cone 
knob-and-tube  work,  and  although  a  trifle  more  ejepensh 
makes  a  better  job.  Care  should  be  taken  in  setting  outlet  1 
not  to  depend  on  laths  to  hold  them  because  almost  invariat 


hanging  and  straightening  fixtures,  they  are  pulled  loose  il 
securely  fastened  to  a  joist,  stud  or  backboard.  Fixture  ; 
should  be  fastened  to  boxes  with  stove  bolts,  riveted  over  the 
246.  The  sheaths  of  flexible  steel  conduit  and  of  flexible 
armored  conductors  must  be  grounded.  The  methods  use 
grounding  are  similar  to  those  for  rigid  conduit  which  are  desc 


on  another  page.  Suitable  clamps  which  are  required  b 
steel  sheaths  in  position  in  outlet  boxes,  serve  to  complete  an 
trical  connection  through  the  box.  Where  a  group  of  these  fle 
steel  armored  conductors  ot  conduit  eown.  a  wooden  panel 
all  of  the  sheaths  must  be  bonded  to^,eV\\«  mfio  a  c< 
Ho.  4  or  larger,  soldered  to  tliem,  wbida  connecva  vs  ^ 
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j.  The  loop  system  of  wiring  is  nearly  always  used  where 
uit  is  concealed.  (See  Figs.  1S6  and  187.)  The  conductors 
to  each  outlet  and  the  use  of  junction  boxes  i?  thereby  avoided. 

:cs  should  I".-  made  unlv  in  ju  net  ion  hosts  and  the  hoses  should 
ys  be  available  for  inspection. 

ELECTRIC  LIGHT  WIRING 

8.  The  maximum  incandescent  lamp  load  permissible  on 
branch  circuit  is,  except  in  special  cases,  660  watts.  That  is, 
Ig  should  ordinarily  be  so  arranged  that  no  set  of  incandes- 
lamps  requiring  hiore  than  660  watts  (iG  sockets),  whether 
ped  on  one  future  or  on  several  fixtures  or  pendants,  will  be 
ndent  on  one  cut-out.  Permission  may  be  given  in  special 
i,  for  departures  from  the  rule.  Although  a  branch  circuit 
ing  ten  66  watt  lamps  would  satisfy  the  requirements,  it  is  not 
lly  the  practice  to  connect  more  than  8  or  1 2  incandescent  lamp 
:ts  to  any  one  branch. 

is-fllled  lamps  to  a  capacity  of  13  20  watts  (32  sockets)  may  be 
ndent  on  one  cut-out  provided  No.  14  wire  is  carried  directly 
the  keyless  sockets  or  receptacles. 


The  Connection  of  Lamps  to  Circuits.— The  principles  nut- 
in  Fig.  18S  are  general.  The  lamps  on  tin-  circuit  o.\U  luliim 
cally  downward  from  the  cut-out  at  the  left  of  the  illustration 
d  bum  as  long  as  the  main  was  alive.  The  other  lamps  are 
rolled  by  either  single-pole  or  double-pole  switches.  Single- 
switches  should  not  be  used  for  the  control  of  loads  exceeding 
watts.  Three-way  switches  are  considered  the  equivalent  of 
e-pole  switches  in  this  respect. 

0.  Panel-boi  panels  arc  illustrated  in  Figs.  180,  igo  and  191. 
ncl  provides  a  means  of  conned  inn;  f[hr»ii«li  fuses';  the  branch 
its  to  a  main.  Switches  may  lie  used  as  in  h'iji.  iSg,  in  both 
main  and  branch  circuits,  or  switches  may  be  omitted,  as 
ig.  ior.  Whether  or  not  switches  should  be  provided,  is 
■mined  by  conditions.  Many  satisfactory  installations  are 
>eration  without  switches,  hut  suiirlies  are  of  great  conven- 
:  for  opening  the  circuits,  for  replacing  fuses,  or  for  testing, 
cneral,  knife  switches  in  branch  circuits  sWA.\  ™a.  \wt  mskSv 
/ironing  on  and  off  lights,  as  they  ate  no\.  MsuaX-j  «a\  <soS>- 
V  strong  construction    to   stand   up  \oa^  &  «*s&  -awf**. 
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Branch  lighting 
Three  Phase  ■-. 


;  should  he  controlled  by  cither  flush  or 
surface  snap  switches,  mounted 
outside  of  the  panel  bos.  See 
index  for  further  information  on 
panel  boxes. 

251.  The  method  of  controlling 
a   group  of  lamps  from  either  of 
two  locations,  with  snap  or  flush 
switches,   is   shown   in   Fig. 
Twn  spu'diil :'  three-way"  switches, 
of  either  the  flush  or  surface  type 
which   can  be  readily  purchased, 
are  required.     This  scheme  of 
ing  is  much  used  for  hall  light: 
they  can  be  controlled  from  el: 
the  first  or  second  floor.     Either 
of  the  schemes  of  wiring  described 
in  connection  with  Fig. 
be  employed. 

252.  The  method  of  controlling 
a  group  of  lamps  from  either  of 
two  locations,  with  knife  switches, 
is  shown  in  Fig.  193.  The  method 
of  I  is  preferable  if  both  switches 

■■■;j"t>':-       are  n^arihi-  lighting  circuits,  be- 
ing pane  .  cause  it  is  economical  of  wire.     If 
both  switches  arc  far  from  the  Vi^Vvunft  >:\iov.v.  \\w.  tok.\Yid&.  (A.  1 
may  be  preferable.      Where  one  ol  tiie  aVAcri.es  »  *. 
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circuit,  there  is  not  much  choice.     In  any  case  where  there  is 
question,  draw  diagrams  appro.vimaMy  lo  scale,  and  which  method 
is  preferable  will  be  evident.      The  method  of  //  cannot  be  used 
with  direct-current  arc  lamps,  because  throwing  the  switches  will 


reverse  their  polarity.  Snap  or  flush  switches  arc  preferable  to 
knife  for  two-location  control,  Ijci^na1  a  person  may  leave  a  knife 
switch  open. 


IT"*" 


!■■'  |      §<■-  '"§£■■  Lamps 

row-''  Sngk-Pole  Poob/e-fliroir 

Knife  Switches 


is  with  knife  switches. 

253.  Two-location  control  with  double-pole  switches  is  shown 
in  Fig.  194.  Tliia  or  some  similar  method  must  he  adopted  where 
the  I'K'd  exceeds  '■■'■o  \v:it!s,  as  a  ^ivai.t  r  load  iliaii  1  his  should  not  be 
controlled  with  single-pole  switches. 


354.  The  method  of  controlling  a  group  of  lamps  from  any  one 
of  more  than  two  locations,  with  flush  01  anau  strAO&sa,'^  ■awswo. 
in  Fig.  rpj.  Special  snitches  made  for  the  put^iasic  axt  «n}»«& 
A  -'three-way"  switch  is  used  at  each,  end  ol  fee  wxwoX, '*»■*- 
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many  additional  :i  four- way"  switches  arc    necessary  as    there  ai 
additional  control  locations.     This  method  is  also  much  used  for   | 
wiring  for  hall  lights,  so  that  ail  can  lie  Con  I  rolled  from  any  floor. 

z55-    For  controlling  a  group  of  tamps  from  any  one  <  ' 
than  two  locations  with  knife  switches,  the  wiring  of  Fig.  i , 
be  used.     One  single-pole,  double-throw,  knife  switch  is  required   I 
for  the  two  end  locations  and  as  many  additional  double-pole, 


double-throw  switches  are  required  as  there  are  additional  control 
locations.  As  above  noted,  knife  switches  have  the  disadvantage 
that  one  may  be  left  open  and  interfere  with  the  operation  of  the 

356.  An  emergency  or  burglar  circuit  is  shown  in  Fig.  :  ,. 
This  arrangement  can  be  used  where  it  must  be  possible  to  light 
certain  lamps  in  a  building  from  ,.    ,     . 

a  certain  location,  irrespective  of     Ori~0uf.  ^sferSmtiJ! 

whether    the   switches    normally 
controlling  the  lamps  are  closed 

Singh-Pole  Double-Pole 

Dpobfo-thror/  Dovble-ffirvw 

KhiA  Stitch  foift  Smkl 


>x  switch  is  usually  located  in  the 
so  that  he  can  illuminate  the  house  in  case  of  fire,  a 
burglare,  or  other  emergency.  The  method  shown  c; 
for  an  installation  involving  more  than  66a  watts'  capacity  c 
incandescent  lamps,  because  this  is  the  maximum  capacity  that  i 
permitted  on  a  single-pole  switch.  Where  a  load  of  more  than  66\. 
waits  is  involved,  two  or  more  siog\e-po\e  mittcr  s^Vi.**™,  csmb" 
applied,   and  each   used   for  an  independent  cyevu^ctk.')   i 
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or  a  double-pole  or  triple-pole  snitch  can  be  installed  and  each 
pole  used  for  an  independent  circuit.  In  some  cases  to  control 
hall  lights,  it  is  necessary  to  substitute  "four-way"  for  "three- 
way"  switches.     Fig.  198  shows  a  method  of  arranging  an  emer- 


gency switch  in  a  building  that  has  already  been  wired.  ' 
dotted  lines  represent  the  wiring  that  should  be  added  to 
existing  wiring.  !•>  prm  iik-  for  [!if  em  urgency  switch  feature. 

57.     Electrolier    switches    for    controlling    lamps   in   groups. 


which  control  is  often  necessary  in  room  lighting  where  there  is  a 

le  or  electrolier  having  several  distinct,  dtcvuXs,  sifc  -wvtiei.  ■m, 
shown  in  Figs.  100  and  zoo.  Special  snap  W\Vt\ie=,,^j\i\'&v.*a.fc,™i£ia 
f  either  the  flush,   pull,   or   surta.ce   type,  ate  wscesswj.    ^"isa 
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t  switch,  Fig.  199:  With  the  switch  handle  in  the 
first  position  all  lamps  are  oil— in  Ihc  second  position  only  those  ol 
group  1  arc  on— in  the  third  position  those  in  both  groups  are  on— 
in  the  fourth  position  only  those  in  group  2  are  on.  Then  will 
the  next  quarter  turn  of  the  swilcli  the  first  position  is  again 
assumed  and  all  lights  are  extinguished.  While  the  same  principle 
is  always  used,  all  commercial 
electrolier  switches  are  not  ar- 
ranged exactly  as  illustrated. 

For  controlling  three  groups 
of  lamps,  a  three-circuit  switch, 
Fig.  200,  is  used.  It  is  not  pos- 
sible to  illustrate  the  operation 
of  this  switch  with  a  simple  dia- 
gram, and  different  makes  oper 
ate  differently.  With  one  kind 
the  operation  is  as  follows:  Fir-t 
turn  connects  group  1 ;  second 
turn  connects  groups  1  and  2; 
third  turn  connects  groups  1,  2 
and  3;  fourth  tun 
all  lamps. 


258.  A  circuit  arrangement  for  stairway  lighting  is  shown  in 
Fig.  201,  wlierehy  one  can  illuminate  the  landing  that  he  is  on  and 
the  one  above  or  below  him,  as  he  goes  up  or  conies  down  the  stairs. 
The  switch  at  each  landing  must  be  operated  in  passing.  Two 
single-pole  switches  are  shown  on  the  fifth  floor.  With  the  two 
switches  the  lamp  on  that  floor  can  be  left  burning  if  desired. 
Simpler  arrangements  than  that  shown  are  p'ossible,  but  with  them 
when  a  person  turns  a  switch,  1  he  lamp  on  the  floor  on  which  he  is, 
is  extinguished  as  the  one  ahead  is  lighted. 

CRANE  WIRING 

259.  Cranes  collect  their  current  by  means  of  trolley  wheels  or 
shoes  which  bear  against  copper  Irolley  wires  or  structural  steei 
conductors  that  are  erected  parallel  to  the  crane  runway.  The 
location  of  the  conductors  is  determined  by  conditions.     Some- 

times  the  crane  builder  specifies  that  the  conductor  muitbe  located 
ia  a  certain  position;  and  in  othev  ca.se*  One  puicVasei  «!&.«*.«>  w* 
specifies  the  position  of  the  conductors  and  Che  cxm»  xawsxAv:' 


*  *1 
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arranges  the  current  collectors  on  the  crane  accordingly.  Probably 
the  best  location  for  the  collceior  conductors  on  a  bridge  crane 
runway,  is  between  the  llangcs  of  and  parallel  to  one  of  the  crane 
girders.  Here  Ihc  conductors  are  out  of  the  way,  well  protected 
and  can  be  readily  supported.  It  is  not  often  that  they  are  erected 
in  any  other  position.  Occasionally  the  trolley  wires  can  be  sup- 
ported from  the  roof  trusses  above  the  crane  runway,  and  are 
installed  similarly  to  the  trolley  wires  for  trolley  cars.  A  pole 
collector  with  a  wheel  at  its  upper  end,  evac'.iy  like  a  trolley  car 
pole  but  much  shorter,  is  used.  Where  the  spacing  between  roof 
trusses  is  very  great  this  method  may  not  give  good  results,  be- 
cause of  the  wire  swinging  and  the  trolley  fuming  off.  (Much  of 
the  following  material  on  Crane  Wiriag  is  fmin  an  article  on  that 
subject,  which  was  wril  ten  by  the  compiler  of  this  hook  and  printed 
in  American  Machinist,  Oct.  17,  1912,  under  the  pen  name  of 
Ernest  G.  Itradshaw.) 

260.  Trolley  wire  for  cranes  is  hard  drawn  copper,  the  same  as 
used  in  electric  traction.  Hard  drawn  wire  must  be  used  to  pre- 
vent excessive  stretching.  Round  wire  is  erected  where  the  method 
of  support  adopted  does  not  involve  the  use  of  trolley  ears  for 
holding  It  at  intermediate  points  between  the  ends  of  the  run. 
Where  trolley  ears  are  used  "  fig.  S,"  or  preferably,  grooved  trolley 
wire  should  be  used,  because  ilicy  can  he  readily  held  in  screw- 
clamp  trolley  ears.  Round  wire  can  be  used  with  trolley  ears, 
but  the  ear  flanges  of  these  must  In:  hammered  down  around  the 


<ImX« 


■.Section Insulator 


Sedfon  Insulators-. 


1 


0     I 


wire,  a  time  consuming  operation  requiring  some  skill;  also,  a. 
round-wire  ear  introduces  a  hump  on  the  wire  and  makes  the 
trolley  wheel  jump  and  draw  an  arc  when  the  wheel  passes  over 
the  raised  place.  Either  o,  2/0,  3/0  or  4/0  wire  is  usually  required. 
The  wire  size  required  is  .Humanly  specified  by  the  crane  builder, 
but  ill  any  case  it  should  he  large  enough  that  the  voltage  drop  in 
it  will  not  much  exceed  &  or  4  per  cent,  of  the  line  voltage  with  all 
of  the  crane  motor;  operating  at  full-load. 
261.     A  crane  service  switch  f.l-'ig. .  ioiI  should  he  wataJiei  fest 

feeding  every  crane  circuit.     A  iuscd  sWich  v&  moa  Vtwijas^J 

used   to  provide  overload  protection,  alctiow^n. 
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stallations,  where  reliability  is  essential — where  equipment  must 
be  placed  back  in  service  after  an  accident,  in  minimum  time— 
'.t-breakers  are  used.      From   an  electrical   standpoint,   lie 


best  location  [or  the  service  switch  is 
practice,  however,  it  should  be  placed  where 
reached  from  a  ladder  running  to  the  floor  at 
can  open  his  circuit  when  he  leaves  his  machine 
262.  Methods  of  supporting  crane  trolley 
conditions.     Jf  the 


r  of  the  n 
.  can  always  be 
so  the  operator 

1   differ  with 


rovided  with  hook-shoe  collectors 
(Fig.  203),  which  slide 
along  under  and  carry 
the  weight  of  the  trolley 
wire,  the  wire  is  rigidly- 
held  only  at  the  termi- 
nations at  the  ends  of 
the  run,  and  is  kept  from 
sagging  by  intermedials, 
insulating  brackets,  like 
those  shown  in  Fig.  303. 
If  trolley  wheel  current 
collectors  are  used  (and 
they  probably  provide 
the  best  means  of  collec- 
ting current),  the  tension 
the  wire  is  taken  by 

__   .3  also  rigidly 
■-WbodM  Block         front  Ele ration     held  by   trolley   ears  at 
of  Block         intermediate  points. 

263.    Terminations 
Fig.  203.— Intermediate  hracket  for  ar.e   made    ^    shovm   in 

trolley  wire.  Fig.  204.     Strain  insula- 

tors separate  the  trolley 
wire  electrically  from  the  building  members,  and  either  a  turn- 
buckle,  or  an  eye-bolt  with  a  long  thread,  can  be  used  for  pull' 
the  slack  from  the  wire  and  adjusting  its  tension.  The  termi.. 
tions  should  be  depended  upon  to  assume  the  entire  tension  of  the 
wire.  The  intermediate  supports  arc  placed  merely  to  prevent 
excessive  sagging.  The  members  which  take  the  stresses  of  the 
eye-bolts  at  the  terminations  should  be  very  substantial,  or  thor- 
oughly braced,  because  on  them  depends  the  rcbabflity  of  t' 
entire  installation.  The  eye-bolts,  turn-buckles  and  strain  ins 
lators  should  be  not  smaller  than  the  f-in.  size. 

264.  Intermediate  supports  for  crane  trolley  wires,  the  s 
ports  installed  between  the  terminations  to  prevent  sagging,  < 
be  arranged  as  shown  in  Figs.  503,  205  and  206.  The  bracket  o 
Fig.  103  is,  as  above  outlined,  applicable  only  where  the  crane  h 
hook-shoe  collectors.  The  block  of  wood  that  supports  the  i 
sulating  spools  should  be  thoroughly  dry  and  treated  with 
aulating paint.  The  bolt  holes  in  it  should  be  deeply 
to  eliminate  the  possibility  of  grounds.  "Fua  spooV.  ■ 
painted  wood—  wh-re  the  Underwriters  w\VL  p«tovV- 


lect.  i] 
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■f  porcelain.  Porcelain  lubes  wii  !i  porcelain  knobs  at  the  ends  tc 
orm  flanges  will  do.  The  length  of  Ihe  insulator  between  flanges 
hould  be  at  least  4  in.  Spools  :  unsi-i!  from  fiber  are  sometimes  used. 
The  spools  should  lie  in  arranged  that  there  will  be  at  least  a  J-in. 
learance  between  them  and  the  hook-shoe  when  it  passes  along. 


In  a  fire-proof  building,  where  the  crane  has  trolley  wheel  col- 
ectors,  the  wiles  can  lie  suiipurtcd  by  irolley  ears  as  in  Fig.  205. 
The  wooden  supporting  block  must  be  thoroughly  painted  and  the 
lolt  holes  in  it  deeply  countersunk,  to  prevent  the  possibility  of 
;rounds.     Tap  bolts,  screwing  in  from  the  rear,  support  the  scr< 


lamp  trolley  ears  which   scat   against    washers.      "Figure-8"   or, 
ireferably,  grooved  trolley  wire  is  used.     The  wire  shttuld  be  drawn 
ightly  at  the  terminations  and  the  cars  should  be  installed  every 
I  or  10  ft. 
Far  on  out-door  crane,  or  for   app\icat\ona  *Vexft  'Cos.  ^"siftss- 
riten  bttYV  jurisdiction,  the  wires  cu.u\)e  su^nW-sA i&  ^HSW-'v 
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Fig.  306.  Standard  street  railway  type  trolley  hangers  and  cars 
are  used,  which  provide  excellent  insulation.  The  hangers  can. 
provided  a  proper  location  of  the  trolley  wires  results,  be  bolted 
directly  to  the  crane  girder. 

365.  Trolley  rails  of  structural  steel  are  being  used  to  some 
extent  instead  of  copper  I  r^lley  win;  ("  supply  current  to  cranes  and 
Other  moving  electrical  machinery.  The  steel  rails  are  made  suf- 
ficiently heavy  that  they  cannot  break  and  fall  as  copper  wirr> 
occasionally  do.  Sometimes  strap  steel  bars  arc  used,  but  morr 
frequently  a  section  is  adopted,  such  as  an  angle  or  a  tee,  which 
has  considerable  si  ilTne^--  in  all  directions.  Steel  conductors  sbould 
be  painted,  escept  on  the  contact  edge  or  face,  to  prevent  corrosion. 
Either  a  shoe  or  a  trolley  wheel  can  be  used  to  collect  current  from 
'.- ■!  ■  mil.     A  shoe  or  spoon,  whtch  makes  a  rubbing 

contact,  is  probably  preferably  for  the  average  application.  Trol- 
ley-wheel collectors  that  travel  at  high  speeds  are  not  Successful 
for  current  collection  from  steel  conductors,  because  the  wheel 
tends  to  bounce  and  jump  iron-  ihe  rigid  rail  at  joints  and  uneven 
places.  There  are  almost  numberless  ways  in  which  steel  con- 
ductor rails  can  be  arranged  and  supported.  The  arrangement 
described  in  the  following  paragraph  is  typical. 

166.  An  installation  of  a  structural  steel  tee  conductor  or  trolley 
rail  is  shown  in  rig.  207.  While  the  arrangement  illustrated  was 
developed  lor  serving  mono-rail  cranes,  which  travel  on  the  lower 
flanges  of  I-beams,  only  minor  modifications  in  the  supporting 
forging  would  be  required  to  adapt  it  for  serving  bridge  cranes  or 
other  similar  traveling  electrical  machines.  Note  that  a  feature 
of  the  method  is  that  no  drilling  or  close  lining  is  required  in  the 
field.  The  only  piece  that  is  different  for  different  jobs  is  the 
supporting  forging,  but  this  can  be  formed  and  drilled  in  the  shop. 
The  only  tools  required  to  erect  the  rail  are  a  hack-saw  for  cutting 
the  tee,  which  is  purchased  in  30-ft.  lengths,  and  a  wrench  for  set- 
ting the  bolts.  No  bolt  smaller  than  g-in.  diameter  is  Used,  be- 
cause smaller  ones  than  this  can  be  iwi'tcd  asunder  too  easily.  A 
tee  1 J  in.  by  1 J  in.  by  ,1;  in.  in  dimensions  was  selected,  because  this 
is  about  the  smallest  size  lh;it  is  rigid  enough  to  effectively  sustain 
itself  between  supports.  A  tee  of  this  size  has  a  cooductively 
equivalent  to  that  of  a  100, Soo  cir.  mil  copper  conductor,  that  is, 
a  copper  conductor  between  No.  o  and  No.  f  in  size. 

The  insulating  hanger  (Fig.  207,  IF),  is  similar  to  a  trolley  hanger, 
but  smaller.  A  mailable  iron  bell  encloses  the  molded  material 
that  supports  and  insulates  the  hanger  slud.  The  Johns-Manville 
Company  makes  the  insulator  to  special  order  and  its  mold  number 
IS4680-B.  The  splicing  plate  ill')  and  (.lie  clamp  (V)  are  castings, 
preferably  malleable  iron,  and  the  only  machine  work  on  them  is 
the  drilling  and  tapping  of  the  holes.  The  section  insulator  (V'J) 
consists  of  two  castings,  a  fiber  dividing-block  and  two  wrought- 
iron  clamping  plates.  Directions  for  spacing  the  insulating  sup- 
ports when  erecting  the  conductor  are  given  on  the  illustration. 
The  terminal  lug  (VIII)  is  forked  instead  <A  aimuvir ,  so  that  it 
can  be  readily  rJiscomuTled  h>t  isolating  cAicuiVs  \ox  Ws^m?,  inSa, 
out  taking  out  a  ME, 
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h^gU*..-.j*-.-«Hi./|'-J 
Dividing  Blo=k(Red fiber) 

tt  Section   Insulator 
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then  be  oblairu'il  liY  usinj;  the  rule  given  below.     By  dividing  1.1 
area  by  6.14,  which  is  the  approximate  ratio  of  lie  resistance 
mild  steel  to  that  of  copper,  the  equivalent  copper  area  of  the  stcd  l: 
conductor  results.      Then  by  usini;   tin?  standard   formula  for  tht  I 
of  a  copper  conductor,  the  ac- 
of  the  steel  is  obtained. 

a  hantll-'jnli.  n 
l|m.l>Y  ■;,:;. 
1.    in.      Then  lo 


&VM///SS/S/SS, 


Exam  pit.— What 
o£lJ  in.  by  1'  ' 
Fig.  JOB  for  a 

Solution.— F 
Will    1  B   •:■.!..■! 

findltl'arSt 


,.   l»y  -ft 
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a  160  ft.  length  will  b, 


ane  wiring  diagram. 

The  equivalent  copper  area  in  cir.  mils  can  be  used  in  any  of 
the  wiring  formula?  for  coj;i;ili1  irig  drop  in  a  slccl- conductor,  just 
as  the  actual  area  of  a  copper  conductor  is  used  in  the  same  for- 
mulas, and  the  result  will  be  a  correct  one  for  the  steel  section. 
Obviously  the  above  method  is  approximate,  because  the  constants 
are  approximate,  but  it  is  quite  accurate  enough  for  wiring  com] 
tations  which  always  jnvulve  ni-iv-.-arilv  iiiari  urate  assumption 
168.  A  crane  wiring  diagram  is  given  in  Fig.  209,  which  is  t> 
icalfota.  direct  -current,  three-  motor,  u&veV.v^Y.iV^'iijiK,  \i~ 
Ci'oos  in  crane   wiring  and  control  sco.era.es  Bit  piatitaBi)  tsmx 
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ess.  For  direct -current  cranes,  series  motors  are  almost  invariably 
aswd,  while  for  alternating -current  cranes,  wound  rotor  motors 
ire  used. 

SIGNAL  WIRING— BELL,  ANNUNCIATOR,  BUR- 
GLAR-ALARM, TELEPHONE  AND  ELEC- 
TRIC GAS  LIGHTING  WIRING 
a6g.    Brief  of  Underwriters'  Rules  Covering  the  Installation  of 
Telephone,  Call  Bell,  and  Similar  Circuits  (Factory  Mutual  Wiring 
Rule*).— The  arrangement  of  these  wires  should  be  as  carefully 

Elanned  as  that  of  the  lighting  or  power  circuits.  They  should 
e  so  placed  as  never  to  be  in  the  way  of  fire  streams  or  ladders. 
Where  possible,  the  signal  wires  about  the  yard  should  be  kept 
entirety  away  from  lighting  or  power  circuits.  This  avoids  the 
liability  of  the  two  systems  crossing  if  breaks  occur  and  of  dangerous 
currents  being  conducted  into  buildings  over  wires  ordinarily 
Considered  harmless.  Where  the  arrangement  is  (if  necessity  such 
that  crosses  might,  occur  if  wires  brake,  protector*  should  be  pro- 
vided near  the  point  where  the  signal  wires  enter  each  building. 
Protectors  should  also  be  provided  on  all  foreign  lines,  such  as 
public  telephone  or  fire-alarm  wires,  and  on  all  private  lines  which 
are  liable  to  receive  lightning  discharges. 

Where  signal  circuits  arc  operated  from  electric  lighting  or  power 
circuits  with  or  without  lamps  or  other  resistors  in  series,  the 
signal  circuits  must  be  insulated  on  porcelain  ami  the  same  construc- 
tion followed  as  for  lighting  circuits.  The  bell?  and  buttons  or 
switches  must  be  of  non-conihustihle  materials  and  held  away 
from  the  supporting  surface  with  porcelain  knobs. 

No  signal  wire  should  be  closer  than  2  in.  to  any  electric  light 
or  power  wire  unless  additionally  insulated  therefrom  by  some 
firmly  fixed  non-conductor  such  as  a  piece  of  flexible  tubing  or, 
preferably,  a  porcelain  tube. 

270.  In  installing  signal  wires  in  finished  buildings  the  rubber- 
covered  twisted  pair  copper  wires  may  be  used.  They  may  be 
tun  along  the  top  of  the  baseboard  or  along  the  picture  molding. 
Where  it  is  desirable  to  conceal  the  wiring  and  where  expense  is 
no  consideration,  the  wire*  may  be  le-liO'l  like  Inditing  wires  in 
concealed  work.  Where  wire:-;  arc  bunched  together  in  a  vertical 
run,  a  fire-resisting  covering  sufficient  1.0  prevent  lire  from  traveling 
from  floor  to  floor,  must  be  provided.  Signal  or  telephone  wires 
Cannot  be  run  in  the  same  conduit  with  lighting  wires.  (The 
material  that  follows  on  Signal  Wiring  is  largely  from  a  series  o" 
articles  on  that  subject,  by  the  compiler  of  this  book,  printed  ii 
Popular  Electricity  during  1912  and  1013.) 

271.  Signal  wires  may  be  supported  on  wood  in  dry  placet 
with  metal  staples  (Fig.  210)  driven  into  the  timber.  Never 
fasten  more  than  one  wire  under  a  staple,  unless  the  wires  are  first 
protected  with  a  tape  wrapping.  In  damp  places  ordinary  staples 
rust  and  eat  through  the  insulation.  Electrolytic  wDm  w.a.'i 
ensue,  whereby  the  wire  will  be  eaten  thiou&H.  \\.  ia>  n^tj  &%w- 
■rult  to  drive  round  top  staples  in  straight',  Vietct  W.a.viVi  Ww- 
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square  tops,  of  a  style  narrower  than  the  ordinary  double  pointed 
tacks,  should  be  used.  Zinc  coated  staples  are  preferable  to  cup.  i 
percd  ones.  Insulating  saddle  staples  (see  illustration  //),  arc  I 
probably  as  cheap  in  the  long  run  its  the  ordinary  metal  ones,  s%  I 
two  wires  tan  be  safely  held  under  one  saddle  staple,  and  lime  is  I 
thereby  saved.  Insulating  saddle  staples  secure  the  wire  well  at  I 
turns  and  prevent  the  metal  from  cutting  into  the  insulation. 
In  stringing  a  long  run,  a  saddled  staple  at  the  end  will  hold  tie 
slack  until  the  intermediate  staples  are  placed. 

272.     Cleats  of  compressed,  impregnated  wood  (see  Fig.  jro)an 
good  for  supporting  a  twisted  pair  conductor  in  an  exposed  place, 
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e  very  neat  in  appearance.  Either  nails 
be  used  to  hold  them.  The  compressing  of  the  wood  prevents 
the  cleats  from  splitting.  They  are  particularly  useful  for  runs 
over  plastered  surfaces,  and  in  other  places  where  staples  cannot 
be  used.  Wtivn  stringing  limg  runs  of  wire,  impressed  wood  cleats 
at  the  run  ends  will  ]m:<[  iliv  -l.:rk  '.iiil.ii  :  In-  intermediate  cleats  are 
placed.  These  wood  cleats  cost  less  than  those  of  cither  porcelai 
or  fiber.  They  can  ilso  be  used  to  suppoit  ■avvijc 
under  a  cfeat. 


~ 
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273-  Insulated  nails  (Fig.  210,  IV)  having  a  metal  stem  and 
a  head  of  insulating  material,  are  used  for  supporting  twisted  pair 
conductors,  and  while  they  are  cheap,  tiny  do  nut  support  the 
wires  as  well  as  dues  the  wood  cleat.  They  do  not  hold  a  single 
wire  well  and  do  not  properly  hold  back  slack  in  long  runs.  The 
nails  are  made  In  different  lengths  and  with  heads  of  different 
colors  to  match  surroundings. 

274.  Hard  fiber  cleats  (Fig.  510,  V)  are  used  where  one  or  more 
single  conductors  are  to  he  supported,  but  are  not  as  good  as  the 
wood  cleats,  although  they  cost  more.  It  is  sometimes  necessary 
to  use  them  where  the  wire  supported  is  too  large  for  the  standard 
wood  cleat. 

275.  Wire  for  hell  work  in  dry  places  is  usually  No.  18  copper, 
double  cotton  covered  and  paraffined.  Where  more  than  t1 
three  bells  are  connected  to  the  circuit,  or  where  the  circuit 
long,  No.  16  wire  should  be  used.  No.  14  is  frequently  used  for 
battery  wires.  Rubber  covered  twisted  pair  wires,  like  those  used 
for  interior  telephone  wii  inn  by  I  lie  telephone  companies,  can  often 
be  used  to  advantage  in  damp  places  or  whore  Ihe  circuits  are 
exposed.  No.  20  wire,  alllnv.mh  sometimes  used,  is  too  small  fo 
reliable  work.  Annunciator  and  twisted  pair  wire  is  made  wit 
insulating  coverings  of  different  colors,  so  one  can  be  selected  tl 
will  match  the  surroundings,  and,  thereby,  be  inconspicuo 
Cables  of  annunciator  wire,  which  can  ho  obtained  with  practically 
any  number  of  conductor;  from  _•  up  to  200,  arc  very  convenient 
and  economical  for  larjro  in-t  nihil  lor.?.  ]  0  perfei  tly  dry  locations, 
a  cable  having  a  paraffined,  braided  cotton  covering  can  be  used, 
but  if  it  is  to  be  exposed  to  dampness  a  lead  covered  cable  should 
be  installed.  By  having  tin-  cable  conductors  covered  with  braids 
of  different  colors,  the  conductors  can  be  readily  identified.  A  kir 
of  weather-proof  wire  called  "damp-proof,"  is  quite  satisfacto: 
for  exposed  wiring  in  damp  places.  It  is  more  expensive  than  a 
nunciator  wire,  bur-it  has  a  better  appearance  when  installed. 

276.  The  installation  of  signal  wiring  in  wooden  framed  build- 
ings requires  great  care.  The  conductors  are  so  weak  mechan- 
ically, so  poorly  insulated  and  there  are  frequently  so  many  of  them, 
that  if  work  is  not  systematically  and  thoroughly  erected,  trouble 
invariably  results.  The  wires  can  be  supported  in  unfinished 
houses  by  fastening  them  to  the  studs  and  joists  with  staples. 
In  finished  houses  wires  can  be  run  behind  a  base  board  or  under 
the  molding  at  its  top;  or  by  prying  up  a  floor  board  the  n 
can  be  placed  under  it.  A  saw  cut,  into  which  the  wires  car 
dropped,  ran  be  made  in  any  joist  thai  lie-  across  the  path  of  the 
wire.     Wires  can  be  run  on  the  tops  of  picture  moldings. 

277.  In  fishing  for  vertical  wires  a  piece  of  small  chain  2 
long  is  attached  to  a  length  of  strong  cord.  The  chain  and  cord  is 
pushed  through  a  hole  bored  for  the  wire  at  the  top  of  the  parti- 
tion, and  the  noise  made  by  the  chain  when  the  cord  is  pulled  up 
and  down,  will  indicate  the  location  of  any  obstruction.  With 
the  obstruction  located,  the  baseboard  iw  ll™  VvLv,cY  tm  V;  \sJtKXL 
out  and  a  hole  can  be    bored  or  some  otYutt  means 

provide  a  pocket  whereby  the  tkiin  c&nta  reatVeA. 
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773.  The  steel  fish  bit  (Fig.  211)  is  a  useful  tool  in  instilling 
signal  wires.  The  bit  has  a  hole  in  its  end.  After  the  bit  has  been 
bored  through  an  orifice,  the  wire  to  be  drawn  through  is  made  tip 
through  the  hole  and  the  wire  and  hit  are  together  drawn  back 
through  the  orifice.  The  use  of  a  fish  wire  is  thereby  eliminated. 
In  a  floor  or  ceiling,  the  orifice  having  been  bond,  it  may  be  more 
convenient  to  first  withdraw  the  bit  and  then  to  thread  the  wire 
through  the  hole  at  the  end  of  the  hit,  and  to  push  the  bit  back 
through  the  hole.  Good  bits  of  this  type  ai 
will  drill  through  wood,  masonry, 
steel. 


Lath  and  Plaster 


Pig.  : 


■    ;-,-.,.  .-,r.,i 


Wrefnd 
Through  Hole 

Bit  Hole         Wire  Being  Drawn 
Through 


279.  Electric  bell  circuits  arc  shown  in  Fig.   irj.     Many  0 
these  are  quite  simple  but  are  included  so  that  all  will  be  t( 
for  the  electrician's  reference.     Two  ordinary  vibrating  be 
not  work  well  together  in  aeries,  so,  when  it  is  necessary  to  c 
two  or  more  in  series,  one  should  be  a  single  stroke  bell,  as  in  1 
A  multiple  arrangement  //  is  preferable  to  a  scries  arrangemen 
and  the  batteries  for  a  multiple  arrangement  are  more  effective 
if  connected  in  multiple.     Try  a  series  anil  a  multiple  arrangemen 
of  cells  and  ascertain  which  works  best.     Where  several  signal  bell 
must  be  located  together,  gongs  of  different  types  (17),  each  0 
which  gives  a  different  sound,  can  be  used.      In  operating  bells  fn 
an  electric  h'ght  circuit,  incandescent  lamps  (17/  and  VIII)  c 
be   used   for  resistance.     An  ordinary  bell  usually  requires  abo_ 
0.1  amp.  for  its  operation,  and  enough  lamps  should  be  used  ti 
cut  down  the  current  to  this  value,     it  is  best  to  connect  the  ba " 
in  multiple  with  a  lamp,  as  at  VII,  as  thereby  the  arcing  at  t 
vibrating  contact  is  minimized.     At  least  one  lamp  should  be  c< 
nected  in  each  side  of  the  circuit  at  the  cut-out,  to  prevent  d' 
culties  if  a  ground  should  occur  on  the  bell  circuit.     " 
platinum  contacts  are  preferable  for  all  services,  but  ai 
A  differential  or  short-circuiting  bell  (Fig.  215)  can  be  used  n 
good  results,  with  lamps  in  -cries,  on  lighting  circuits  or  high  volta 

280.  Jietum-caJI  bell  circuits  for  different  servici     .... 
Fig.  aij.     With  these,  when  a  station  is  =,V#Yi\eo.,  vpc  ^aic\>j  c 

can  signal  back  by  pressing  his  button.     \s  a.  fecnetsl  vIQS! 
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ound  return  circuits  arc  undesirable,  as  one  ground  on  one  of  the 
irmally  ungrounded  wires  iiiiiy  render  the  system  iiic^crativr; 
rlhermore,  there  are  often  "stray"  currents  from  electric  rail- 
iy  circuits  flowing  in  the  earth,  v.likli  may  interfere  with  the opera- 
>n  of  the  bell  circuits.  With  the  arrangement  of  Fig.  213  VII, 
len  the  calling  station  is  the  one  at  the  single  stroke  bell,  the 


Bells  Operated  by  LiqM-inci 
Circuits.  Incandescent     J 
Lum  pi  for  Resistance. 
BdMnShuntwithnLermp 


gCirc.H™m 
;sforReslstnnce 


■elec 


iller  may  be  sure  that  the  called 
le  vibrating  bell  at  that  station  tl 

281.     Apartment  house  and  speaking  tube  bell  wiring  circuits 
re  shown  in  Fig.  214.     One  battery  serves  lor  a\\  tt«c*na-   ""Sve- 
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282.  Electric  bens  of  different  types  are  shown  in  Fig.  215. 
The  vibrating  bell  is  the  one  commonly  used.  The  single  stroke 
bell  can  be  used  in  series  with  a  vibrating  bell,  which  will  open  and 

-  Vibrating  Bell-  *Q 


X  1 

-p-  Sround  -3 

•*■'  Connections ... 
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■±  Ground      21  ■ 
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close  the  circuit,  and  thereby  make  the.  svvi&Ve  sttoke  hell  also  oper- 
ate, .ft  is  essential  for  satisfactory  opeta.t\cm,  feat  fee.  wtosri. 
periods  of  vibration  of  the  armatures  a,»&  Xavpw*  tat  \«fl&a.V&», 
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from  One    cattery.  Each  Station  Apartment    bouse 

can  be  agnallel  fro  many  other  Sta.         Usinaa5ingle  Battery 


periods  of  vibration  will  be  the  same;  ama,\\  &8.CTes«*»  -^  * 
appreciably  affect  satisfactory   operation.      K  •AVra.'O™?,  ™i. 
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be  changed  into 
screw  that  the 

2S3.  A  combination  single  stroke  and  vibrating  bell 
bitmion  of  a  vibrating  and  a  single  slroko  hull,  and  can  De 
as  either  by  properly  connecting  it.  A  two  point  switch  can  be 
arranged  so  that  a  bull  of  this  kind  can  be  made  to  operate  at  will, 
as  either -a  single  stroke  or  a  vibrating  bell. 

284.  In  series  or  shunting  bells,  each  time  the  armature  is 
drawn  over  it  innkcs  a  contact  and  short-circuits  the  magnet?, 
thereby  denjfigm'li/.ing  them;  the  armature  spring  draws  it  bad 
and  the  operation  is  repeated.  Bulls  of  this  type  have  been  de- 
signed for  use  on  circuits  of  voltages  exceeding  say  5  volts,  to  mini- 
mize arcing  at  the  vibrating  contact,  but  their  operation  has  not 
been  wholly  satisfactory. 

185.    In  the  differential  bell,  the  magnets  are  wound  differen- 
tially, that  is,  so  as  to  oppose  one  another.     Hence,  when  the  arma- 
"s  drawn  over  by  one  mapper  ^jnitirw.    [1  makes 


cat!  push 


which  energizes  the  other  winding,  and,  since  the  two  oppose,  the 
cores  are  demagnetized  and  the  armature  is  drawn  back  by  its 
spring.  In  operation  1  his.  proa-si  is  repeated  so  long  as  the  circuit 
to  the  bell  is  closed.  There  is  little  or  no  sparking  with  a  differ- 
ential bell;  hence  it  is  used  on  circuits  of  relatively  high  voltage. 

286.  A  continuous  ringing  bell  (Fig.  210)  is  50  arranged  that 
when  the  bulU.nl  is  pressed  and  the  litcuit  dosed  through  the  bell, 
(he  armature  is  drawn  over  and  the  \11tch.  ie\ease&  an<\  v>a\\e4  &.w 


against  its  contact  point  by  a,  spring  01  \ay  swAty.    Tcaa 


J:".. 
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nects  a  shunt  circuit  around  the  button,  and  the  bell  continues 
ring  until  thu  latch  is  custorud  by  hand. 

187.    A  double -contact,  three-point  or  return-call  push  b 
(Fig.   517),  is  used  in  return-call  bells  and  annunci   " 
Applications  11I"  push  buttons  oi  this  lyjii:  arc  shown  in 

288.  Annunciator  circuits  arc  shown  in  Figs.  : 
With  an  elevator  annunciator  a  cable  having  as  many  o 
as  there  are  push  buttons  and  one  additional  baLlery  conduct*  I 
is  required.  One  cud  of  this  cable  is  attached  to  the  car  and  tbt  I 
other  is  made  fast  midway  up  the  elevator  shaft  and  should  bo  I 
connected    to   the   push-button  wires   with    binding   posts   on  1 ! 


r- :■■/■!  ffc/ffonSy. 


.Belli 


I  Parker, Carter 

Annunciator  Systei 
/Four-Point 
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Pig.  < 
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.calls: 


ti  board.     The 
n  lixating  trouble.     It  i 
e  conductor  than 


t  board  is  of  great  convenience 
a  good  plan  to  install  a  table  having  Nt 
actually  reepjired  50  that  a  spare  will  Ik 
available  in  case  of  trouble. 

Annunciators  cannot  be  operated  successfully  in  multiple  becfluae 
of  the  many  paths  thai  are  afforded  Lhe  signaling  current  throupb 
annunciators  so  connected.  In  Fig.  218  ///  is  shown  one  correct 
method  0/  connecting  two  anrauuiavw-  in-i.uJkd  at  different 
locations  and  operated  from  the  sime  WWotcs  &Tto.Wttwj 
one  or  the  other  of  the  a,nn.\mc\a.tois  can.  \ic  teto-Mti  \x 
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th  the  six -point  switch.  If  two  annunciators  are  to  operate 
nultaneously  the  drops  of  one  must  be  connected  in  series  with 
e  drops  of  the  other.  In  V  is  shown  an  incorrect  method  of 
n Meeting  two  annunciators.  With  it,  when  one  button  is  pressed 
ere  are  several  paths  fnr  the  current  and  it  will  divide  and  flow 

shown  in  the  lower  diagram  and  may,  unless  the  annunciator 
justments  and  battery  strength  arc  just  right,  throw  all  of  the 
ops.  Annunciators  connected  in  accordance  with  this  method 
II  ultimately  give  trouble. 

The  method  of  connection  of  IV  is  used  where  attendants  are 
rjialed  from  annunciators  located  in  different  parts  of  the  build- 
g  during  certain  periods  of  the  day  and  from  a  centrally  located 
inuneialor  at  other  times.  Either  the  local  aimuncialor  bells 
■  the  common  annunciator  can  be  shunted  out  when  necessary 
ith  the  short-circuiting  switches  shown.  Fig.  219,  /  shows  a 
agram.  of  a  Parker,  Carter  &  Wilkins  return-call  annunciator 
'stem.  With  this  system  there  is  a  considerable  saving  in  wire 
1  only  one  direct  wire  is  required  from  a  room  to  the  annun- 
ator.     Two  common  battery  wires  arc  around  the  house. 

Fig.  2tq,  II  and  IV  show  two  methods  of  a  compli  filing  the  same 
nd.  That  of  //  is  probably  preferable  for  the  average  iiwalla- 
on  because  (1)  the  signaling  current  'iocs  not  pass  through  any 
Hilton  except  that  being  pressed.  (2!  single-contact,  not.  double- 
onlact  push  buttons  are  used  and  (3)  only  one  battery  wire  is 
carried  to  the  rooms. 

With  the  fire  alarm  system.  III,  when  any  one  of  the  switches 
s  closed  all  of  the  annunciator  stations  are  signaled. 


Bell-ringing  transformers  (Fig.  220)  should  always,  where 
s  alternating  current,  be  used  for  opera  ling  signaling  systems 
ten  as  those  for  bell  and  annunciator  service.  A  well-made 
ill-ringing  transformer  will  last  forever.  Consult  the  local  in- 
lector  as  to  his  install  a  I  ion  requirements  before  putting  in  a  bell- 
nging  transformer,  as  there  have  I  icon  in  is  understandings  in  regard 
1  this  matter.  The  Code  Rules  specify  that  the  transformers 
iall  be  of  special  design  and  that  the  primary  wiring  shall  be  in- 
alled  in  accordance  with  the  rules  for  light,  power  and  heat 
iring  and  that  the  secondary  wiring  shall  be  Installed  in  accord- 
ice  with  the  rules  for  signal  system  wiring.  It  is  well  to  try  out 
bell-ringing  transformer  with  any  instrument  that  is  to  be  oper- 
ed  by  it,  that  has  coils  of  many  turns  (auc\\  m  an  uuvam&UuaC) 
fore  Snal  connections  are  made,  because  ute  \m\nA-M\ce  A  *ss*. 
Is  to  the  alternating  current  sometimes  "dmte'1   'Cos.  cuf*-"* 
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and  renders  operation  less  satisfactory  than  would  be  expect! 
judging  from  the  secondary  voltage  rating  of  the  transform 
A  well-design  ixl  itoll-riuiring  transformer  requires  practically 
energy  for  its  operation  and  will  not  start  an  ordinary  wal  ' 
meter  either  when  it  is  idle  or  when  it  is  furnishing  ringing  i 
for  an  electric  bell  such  as  is  usually  installed  in  residences. 

190.  There  are  two  systems  of  electric  gas  lighting :  The  mul- 
tiple and  the  series.  Scries  systems  may  be  further  subdivided 
into  those  operating  from  induction  coils  and  those  operating 
from  frictional  or  static  electric  machines.  The  multiple  system 
is  the  most  common.  The  series  system,  which  is  best  adapted 
for  large  auditoriums  where  many  lights  are  used  in  groups,  is  sel- 
dom now  used  because  such  places  are  almost  invariably  lighted 
by  electricity. 

291.  The  operation  of  the  multiple  system  is  evident  from 
Fig.  121.  One  battery  terminal  is  grounded,  or  preferably,  connect! 
to  a  common  battery  wire.  The  other  battery  terminal 
through  the  spark  coil  to  the  terminals  on  the  burners, 
mon  battery  wire  is  used  each  burner  must  be  insulated  from  the 
gas  fixture  with  a  rubber  nipple.  To  light  the  gas,  it  is  either 
first  turned  on  or  is  turned  on  aulomal  ically  by  the  burner  mech- 
anism and  then  further  movement  of  the  burner  mechanism 
draws  a  wire  wiper,  which  connects  to  one  side  of  the  battery, 
across  an  insulated  wire  hook  which  is  mounted  on  the  burner  tip 
and  which  connects  to  the  other  side  of  the  circuit.  When  the 
wiper  leaves  the  hook  0  spark  is  drawn  which  lights  (he  gas. 

292.  Burners  of  different  forms  are  shown  in  Fig.  221. 
the  stem  burner,  the  gas  is  lighted  by  turning  the  stem  which 
turns  on  the  a. is  ami  also  draws  I  he  spark.  With  the  simple  pull 
burner  the  gas  must  be  turned  on  by  hand  and  then  pulling  the 
pendant  draws  the  spark  and  lights  the  gas.  With  the  rachet 
burner,  one  pull  of  the  pendant  turns  on  the  gas  and  lights  it  and 
when  the  pendant  is  released  the  wiper  and  ratchet-pawl  are  re- 
turned to  their  iiorm:il  position  by  a  spiral  spring.  A  second  pull  oi 
the  pendant  turns  off  the  gas.  Automatic  burners  are  so  arranged 
that  with  them  the  gas  can  be  lighted  or  turned  off  by  pressing  a 
button  at  any  one  of  one  or  more  control  stations  which  can  be 
located  at  any  reasonable  distance  from  the  burner.  Two  insu- 
lated wires  are  required  with  each  automatic  burner  where  the  gu 
pipe  is  used  as  a  return  and  three  wires  are  necessary  where  a  non- 
grounded  return  is  used. 

293.  Spark  coils  are  necessary'  in  electric  gas  lighting  systems 
to  insure  that  the  spark  at  the  burner  will  he  "fat"  enough  that 
it  will  light  the  gas.  The  "fat  "  spark  is  produced  by  reason  of  the 
self-induction  of  the  coil  which  acts  to  momentarily  increase  the 
voltage  of  a  circuit  enormously,  through  the  coil  when  the  circuit 
is  broken.  A  spark  coil  for  gas  lighting  usually  consists  of  about 
6  layers  of  No.  14  or  No.  10,  double-braid  cotton-covered  wire 
wound  on  a  core  j  in.  in  diameter  consisting  of  a  bundle  of  soil 

iron  wire.     The  coils  are  made  in  various  lewyis  ot  from  8  ir  •" 
it  in.     An  Sin.  or  a  10  in.  coil  0IN0.  ic.  \Vm  v>  '.Ak.ya  Vvj>\.v 
average  gas  lighting  installation.     j\  spoilt  co\\  casiVst  A* 
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chased  with  or  equipped  with  a  relay  attachment  (Fig.  222).  The 
*"«lay  doses  a  hell  circuit  when  there  is  a  shor  I -circuit  on  the  system 
and  the  bell  rings  and  gives  an  alarm.  The  hell  can  he  operated 
irom  the  gas  lighting  battery  as  indicated  by  the  doited  lines  but 
it  is  better  practice  to  use  a  separate  battery,  as  shown  in  the  full 


Connection  Strip 
"&rour>don 


— Multiple  1 


nofg! 


lighting. 


lines,  as  the  cell?  of  the  main  battery  used  fur  such  a  purpose  are 
liable  to  be  exhausted  much  mure  rapidly  than  the  others. 

294.  A  connection  strip  {Figs.  221  and  222)  whereby  the  leading 
wires  running  to  the  different  burners  or  groups  of  burners  can  be 
disconnected  from  the  battery  for  testing  or  in  case  of  trouble 
should  be  provided  in  all  gas  lighting  systems  of  any  consequence. 


Such  a  strip  may  c 


of  a  group  of  single-point  switches  or  a 
o  the  battery  on  which  the  ends  of  small 


OUCH    a    Strip    Nliiy  coilsi^l    "i    a  l:l"U!i  <n    -Lu.m*.-| ],. 

Strip  of  metal  connected  to  the  battery  on  which  the  e 

metal  straps  normally  bear,     Each  -.trap  is  pivoted  at  its  outer 
end  so  it  can  be  swung  out  of  connection  iNtth.  \im  %\svv  "-^ 
leading  wires  to  the  burners  are  connected  to  iStf;  \an<j\s& 


- 
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295.     Batteries   (or  gas  lighting  should  be  of  the    ■ 
type  and  should  have  low  internal  resistance.     Only  1 
very  best  grade  should  be  used.     A  battery  of  6  sal-ammunwl1 
cells  in  combination  with  ;i  spark  coil  will  make  a  good  spark. 

196.  Wire  for  gas  lighting  systems,  from  the  battery  to  the  fi> 
ture  and  fur  general  w  iriiiK  may  be  No.  16  weather-proof.  Ottfii- 
tures  special  wire,  cither  No,  22  or  24,  is  used.  These  vim  ■ 
be  obtained  with  three  windings  of  cotton,  three  winding  of  rmtim 
and  one  of  sill;  or  -.villi  ill  rue  wind  hies  of  cotton  soaked  in  a  fire-piod 
compound  and  then  served  with  an  miter  layer  of  silk.  On  Situto 
the  wire  where  possible  may  be  carried  within  the  tubing  whii 
covers  the  gas  pipe  stem.  Care  must  be  exercised  that 
edges  do  not  cut  the  insulation.  On  fixture  arms  the 
ried  on  the  outside,  held  thereto  with  thread  and  then  shellac*! 
which  holds  it  nicely.  A  helix  or  "pig-tail"  should  be  formed: 
the  wire  at  each  joint  in  a  bracket.  Wire  having  an  outer  instil 
tion  of  a  color  that  matches  llu-  fi.uure  should  be  used. 

297.  In  installing  a  multiple  system  of  gas  lighting  it  is  hello 
to  use  a  complete  mctallh  circuit  insulating  the  burners  from  " 
fixtures,  but  in  small  installations  it  ground  (gas-pipe)  return 
satisfactory.  Divide  the  burners  into  groups  each  served  by  otw 
leading  wire  as  illustrated  in  Fig.  a;j.  There  should  not  be  mm 
than  6  pull,  stem  or  ratchet  burners  in  any  one  group  and  eai 
automatic  burner  should  have  its  own  leading  wire  direct  from  [be 
battery.  The  National  Electrical  Code  rules  for  installing  gal 
lighting  systems  are  the  same  as  for  other  signal  circuits  operating 
at  pressures  of  less  than  10  volts.  Electric  gas  lighting  equipment 
cannot  be  installed  on  fixtures  ha  cine,  kali  gas  and  i.-Icl  1  rir  lishti. 

298.  An  automatic  cut-out  should  be  installed  in  gas  ligbtiri 
systems  of  any  consequence  to  protect  the  battery  from  groiuull 
or  short-circuits.  In  the  cut-out  the  battery  wire  is  connected  B 
the  coil  of  a  relay  which,  when  energized,  permits  a  clockwork  to 
operate.  If  the  clockwork  operates  long  enough  it,  through  1 1 
mechanism,  opens  all  oi  the  circuits,  leading  to  the  burners,  which  | 
terminate  on  the  cut-out  base  or  a  connection  strip.  The  relayi?  | 
not  energized  for  a  sufficient  length  of  time  when  a  burner  is 
operated  to  permit  any  great  movement  of  the  clockwork.  How- 
ever when  a  ground  or  short-circuit  occurs  on  a  circuit  the  clock- 
work soon  opens  the  circuits.     The  clock  movement  must  be  wound 

299.  In  the  series  system  of  gas  lighting  (Fig.  123)  a  spirt 
gap  (Fig.  324}  is  installed  at  each  burner.  The  spark  gaps  art 
connected  in  scries  by  fine,  bare  copper  wires  (No.  2G  gage)  sucuM 
between  them.  An  induction  coil,  or  sometimes  a  f ric don al  elec- 
tric machine,  is  used  lo  produce  the  sparks  or  small  arcs  at  the  gaps. 
About  15  gaps  may  be  allowed  tor  every  inch  of  spark  or  arc  th.it 
ihc  induction  coil  is  capable  of  producing.  The  gaps  are  arranged 
in  groups  and  each  group  is  connected  on  a  separate  circuit  after 
a  method  similar  to  that  illustrated  for  multiple  gas  lighting.  The 
g.is  is  turned  on  and  then  the  induction  coil ,  it  being  in  operation 
is  connected  successive\y  lo  the  dVwtienX.  ?,mi?4,  ere—  -  - 
(fie  gaps  and  lights  the  gas,     Bmwsk.  can.  (A\*».\ie.  it 
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let  so  thai  one  will  light  from  another  in  which  case  a  spark 
,  required  on  only  one  burner  of  a  group  so  arranged.  The 
rires  connecting  burners  should  nut  i>e  carried  closet  than  ij 
metal  work.  Where  (his  separation  is  impossible  the  wire 
1  be  encased  in  glass  tubing.     The  voltage  is  very  high  and 


ijdi  insulation  is  essential.     The  condenser  in  the  induction 

for  minimizing  the  spark  at  the  vibrator. 
.     Burglar  alarm  systems   iShiinlaril  ll.-.ndbaak)  are  simply 
cations  of  call  bell  -■■vj-iem-*;  the  bell  ■■  in  nil.  !n.-intr  closed  when- 
.  door,  window,  tr; 
ate  alarm  systems 

window  or  door, 
las  been  opened; 
tinuously  tinging 
,  silent  test  switch 
w  that  every  win- 
door,  etc.,  in  the 
has  been  properly 
;  switch  for  test- 
ill  and  battery;  a 
l1  switch  for  cut- 
ut  the  alarm  sys- 
luring  the  day  or 

1;  lock  switches 
dmitting  persons 
proper  keys  with- 
unding  the  alarm; 
iments  for  light- 
an.     incandescent 

or  gas-jet  auto- 
ally      when     the 

sounds  so  that  the 

iciator  drop  may  be  visible,  and  numerous  oilier  refinements. 
;  chief  requisite  of  an  alarm  system  is  the  certainty  of  action 
■  apparatus  and  contacts.  Since  the  apparatus  may  stand 
is  and  even  years  without  being  catted  in\.u  »c\\™,  ■c^M\w*, 
ts,  German  silver  springs,  etc.,  are\arge\\  em^Wjei.    "^vess,. 
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contacts,  etc.,  should  be  concealed  and  should  be  installed  in  a  i 
class  manner. 

301.    There  are  two  classes  of  burglar  alarm  systems: 
circuit  and  closed  circuit    In  open-circuit  systems  the  circuit 
circuits  to  doors  and  windows  throughout  the  building  are  not 
open  and  when  the  circuits  are  closed  by  a  door  or  window 


*  Ringinq  Bell 


Battery 


Circuit . 

Smkhes,     If 


^Circuit  Closing  Springs^ 


1 
I 

in 


T 


¥ 


Pig.  225. — Simple  open-circuit  burglar-alarm  system. 

opened  the  alarm  is  sounded.  In  closed-circuit  systems  the  <fr 
cuit  throughout  the  building  is  normally  closed  and  current  I 
flowing  in  it.    When  it  is  opened  the  alarm  is  sounded. 

302.  Open -circuit  systems  are  shown  in  Figs.  225,  226  and  227. 
Some  arrangement — a  continuous  ringing  bell  or  drop — musttx 
provided  whereby  the  circuit  through  the  alarm  bell  will  remaii 
continuously  closed  if  a  house  circuit  is  closed  instantaneously 
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Fig.  226. — Open-circuit  burglar-alarm  system  with  alarm  annunciator. 

In  setting  the  system  for  the  night,  the  battery  switch  and  theci 
cuit  switches  are  all  opened.  Then  the  battery  switch  is  closed  ai 
the  circuit  switches  are  closed  one  at  a  time  thereby  locating  ai 
circuit  on  which  there  is  trouble  or  on  which  a  window  may  ha1 
been  left  open.  Open-circuit  systems  axe,  >asNa3&y  vwstalled 
preference  to  cloBed-circuit  because  ol  Vtaax  s\m^C\ctoj « 
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303.  One  objection  to  the  open-circuit  system  is  that  if  the 
rires  should  be  cut  no  protection  is  afforded,  the  alarm  being 
r»en  inoperative.  When  properly  installed,  however,  the  cutting 
S  mires  is  a  very  rare  occurrence.  To  guard  against  this  possi- 
ility.  a  dosed -circuit  system  may  lie  installed  in  connection  with 
he  open-circuit  system,  the  window,  door  and  other  contacts 
•eing  arranged  to  open 
fa«  circuit  of  a  relay 
»"liich  thereby  makes 
iontact  with  the  bell  cir- 
luit.  This  system  will 
:ive  the  alarm  when  the 


[  cut, 


iic  closed-circuit  battery 
a  run  down,  or  when  a 
window,  door,  etc.,  has 
:n  opened.    A  straight 


•lay  also  be  installed. 
304.      Closed  -  circuit 


■ive   thar 


Id  Circuit  Closing  Spring 
Fig.  311. — Open-circuit  burglar-ilarm  sys- 
.    open    circuit     acontinuous-riiiEine  bell. ' 
awt  are   more   liable  to 
iii-arrangenient.      Fig.  228  shows  an  installation  wilh  two  house 
circuits  hut  usually  one  house  circuit  suffices.      Fine  bare  copper 
Wre  (No.  24  gage)  can  be  used  for  the  house  circuits  and  may 
»e  strung  in  front  of  door;,  windows  and  objects  to  he  protected 
*C  that  its  breakage   will  open   the  circuit  and  set  off  the  alarm. 
Gravity  cells  are  used  for  the  closed-circuit  battery  and  Le  Clanche 
-ells  for  the  open -circuit  battery. 


J.  Burglar  alarm  fittings  are  shown  in  Fig.  210.  Fig. 
shows  burglar  alarm  attachments  [or  protecting  windows,  skylights, 
blinds,  etc.  A  wire  or  string  is  attached  to  the  ring  and  is  drawn 
to  break  the  contact.     Further  tension  on  the  wire  or  string 

i  severance  will  establish  the  contact  and  Rive  the  alarm. 
Alarm  springs  for  shades  are  shown  in  Fig.  VI.    TAie  atmj  <A  "Avt 
•hade  is  attached  to  the  arm  or  hook  so  as  Vo  taeaV.  fet  cjjav^N.. 
Vny  interference  with  the  setting  makes  toitoctwd  %'««'*  msm* 
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of  intruders.     A  lock  burglar  alarm  switch  is  shown  in  Fig. 
This  is  placed  on  the  door  frame  so  that  persons  with  pro 
can  enter  without  giving  the  alarm.     Turning  the  key  o 


I    Window  Springs        puI|  H   WinrfowshnoteSpn 

vC0ntactors^  Bjl]d;ngPosfs 


View  Assembled 

Yale  Lock  Alnrtn-Swir&h 
229. — Burglai^alarm  fittings. 


A  burglar  alarm  trap  is  shown  in  Fig.  VII.     This  si_,_ 

has  a  great  many  applications.     The  illustration  shows  t 

in  a  balanced  position,  that  is,  the  switch  is  not  making  c 

The  string  connected  to  the  switch  may  be  attached  to  a 

door,  skylight,  stretched  across  a  hall,  open  doorway,  e. . 

protected  against  intruders.     The  s 

irti-Bi_j-     d  ,i  disturbance   of   the   string   will   dr» 

IfcKWwjA//  9wilch  to  one  siJe  and  make  cajitac 

WOptn  Una  it  Spring    ,|,e  string  js  broken  the  spring  will  C 

switch  to  the  opposite  side  and  ma 

tact  so  that  in  either  case  an  alarm  i 

An   auto-drop  or  constant- ringing  a 

ment  is  shown  in  Fig.  230.     The  bel 

L—UT  is  closed  automatically  and  is  kep 

Fic.MO, — Constant  ring-  as  long  as  desired.     The  drop  is  p 

ing  utiMhrncni.  the   bell   circuit   and   when    the  c 

closed  by  a  push  button,  door  o_ 

Faring,  (.hi-  circuit -closer  drop  is  operated  by  an  electromagnet 

keeps  the  circuit  closed  until  tbe  drop  is  taised  again. 

Instead  of  contacts  in  windows,  cioots,  tte.,  AeeXra. 

sometimes   used.     An  invisible  e\ccUK  ma.*.  \s  ^\i£s&. 


MAutcmatic  Drop 
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inderstood  that  all  the  windows  in 
one  room  are  connected 
in  multiple  so  that  only- 
one  drop  on  the  annun- 
ciator is  required  for 
each  room.  Fig.  233 
shows  the  arrangement 
of  a,  simple,  closed-cir- 
cuit, burglar-alarm  sys- 
tem. Alt  the  contacts 
are  arranged  to  open 
the  closed-circuit  when 
disturbed;  this  releases 
the  armature  of  the 
relay  which  is  instantly 
drawn  by  the  spring  to 
complete  tte  \>t\\  c«oi\\. 
and  give  \Xe  Aa-im. 
This  aiTM^eToeoi.  it- 
quires  the  use  ot  o«wi 
nrl  0!>en-cir,:uit  batteries,  and  white  a.  Uine ^* ^^ 


iupglar-alarm  syster 


■ 


.  that  c 


1  he 


.naVatieA- 
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tins  system  the  alarm  is  given,  the  room  indicated  and  the 
throughout  the  building  turned  on  whenever  the  circuit  is  opew 
In  closed-circuit  systems  a  resistance  should  be  placed  intbedrcA 
when  the  alarm  is  not  set.     {Standard  Handbook.) 

Circuit  opening  or  closing  springs  are  usually  placed  in  — -  ._ 
frames  anil  door  jambs.  In  installing  springs  be  carelul  that  ill 
door  or  window  its  snugly  enough  that  the  spring  will  lie  in* 
normal  position  when  the  door  or  window  is  closed. 

308.  There  are  two  general  plans  for  installing  Interior  telephia 
systems  (A  mcrican  Telephone  Practice),     One  is  to  install  a  siitd- 

board    at   some  rails 
Achy  point  to  which  ll  li* 

radiate  and  a 
they  are  connected  * 
desired  by  an  1 
The  switchboi._ 
instruments  are  of  tl* 
types  made  for  small* 
changes. 

The  second  plan  * 
volvea  the  use  ol  " 
intercommunicating 
house  system  in  w! 
the  instrument  at  ea 
station  is  placed  on  >| 
separate  line,  the  to 
belonging  toeacnsUW 
passing  through  all  dm 
other  stations.  » 
means  of  a  switching  de- 
vice arranged  at  each  station,  the  party  at  any  station  may,  it  <]t 
connect  his  telephone  with  the  line  belonging  to  any  other  sialic* 
and  call  the  party  at  that  station  without  the  intervention  oiu 
operator.  This  plan  involves  the  necessity  of  running  at  lead 
one  more  wire  than  there  are  instruments  in  the  eichwj 
thrmiph  eirh  one  of  the  stations  and  the  simplest  way  to  do  this  ii 
to  run  a  cable  having  the  requisite  number  of  conductors  througl 
each  of  the  stations,  all  of  the  conductors  in  the  cable  being  tappe 
oil  to  the  switch  contact  points  on  each  telephone. 

From  12  to  20  stations  is  considered  a  maximum  for  Intercom 
munira'mn  systems.  Where  there  are  more  stations  a  switd 
board  should  be  installed. 

309.  Local  battery  telephones  may  be  divided  into  two  classe 
series  and  bridging.  The  series  instruments  are  adapted  fot  us 
un  single  station  lines  in  exchange  work  or  on  a  line  connecting  oal; 
two  instruments.  This  type  is  termed  series  because  the  generate 
and  bell  are  c<.nncrtcd  ir,  scries  with  each  other  and  further becM> 
it  was  formerly  the  practice  on  party  lines  to  connect  such  instm 
menls  in  series  in  the  line.  The  bridging  instruments  aresocaBo 
because  ihe  generator  and  linger  Me  accurately  bridged  across » 

line  and  in  party  line  workUiscwminonWtjarajxXsadii^strunW"' 
in  multiple  on  the  line. 
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>ther  floor  covering  and  which  when  (rod  on  or  touched  b; 
lounds  an  alarm  or  signal  in  any  part  of  the  house  b 
ie  bell  circuit 


Constant  Rir.gh-o  5wiic  h 


ibtained. 

Diock    burglar  jj 

'tandord  Hand-  "j 

;.  131)  maybe  5 

.  automatically  jS 

y  also  be  fitted  * 

nstant  ringing  "^ 

1  incandescent  B 

in  attachment  l 

mtically  light-  ^ 


o  be  understood  that  all  the  windows  in 
one  room  are  connected 
in  multiple  so  that  only 
one  drop  on  the  annun- 
ciator is  required  for 
each  room.  Fig.  233 
shows  the  arrangement 
of  a  simple,  closed -cir- 
cuit, burglar- alarm  sys- 
tem. All  the  contacts 
are  arranged  to  open 
the  closed-circuit  when 
disturbed;  this  releases 
the  armature  of  the 
relay  which  is  instantly 
drawn  by  the  spring  to 
complete  the  bell  circuit 
and  give  the  alarm. 
This  arrangement  re- 
qukes  tae  -us*  <A  'WOa 
d  open-circuit  batteries,  and.  ■wnWe  3.  wSfte.  'Ctvfe  toww. 
t  reliable  system  thaX  can  \>e  VnsftjaKtsA-    "^ 
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c  shunt"  for  tile  generator,  their  Iv 
being  to  cut  out  the  resistance  of  the  generator  armature  ft 
circuit  at  all  times  except  when  the  sjeiier;tti>r  is  muse. 
311.    The  circuit  of  the  bridging  telephone  is  shown  ii 

IJ34,  //.     In  this,  the  arrangement  of  the  receiver,  induct! 
transmitter  and  battery  are  identical  with  that  ii 
phone.    The  ringer,  however,  is  bridged  permanently  a 
line  and  the  generator  is  placed  in  a  circuit  across  the  line  w 
normally  open  but  which  is  closed  -automatically  by  a 
the  generator  is  operated.    The  magnets  of  the  ringi 
wound   with   many   turns  of   tine   wire.     This   gives   t 
impedance.    The    talking    currents,    which    are     high-fr_,_ 
alternating  currents,  do  not,  therefore,   pass   through  the  a 
coils.    The  ringing  currents  can  readily  pass  through  the  ri 
coils  and  cause  them  to  operate. 
31a.    The   circuits   of   an   assembled   bridging    telephone  ip 
shown  in  Fig.  234,  IV.     As  the  ringer  and  the  transmittet  ■ 
mounted  on  the  doorof  the  instrument  box  the  connection  bet*« 
them  and  the  other  parts  of  the  apparatus  is  made  throughtin 
hinges  as  shown.      Note  that  the  circuit?  are  identical  with  tir 
given  for  the  elementary  bridging  ir 


P313.  A  simple  intercommunicating  system  which  permits  of  but 
two  parties  talking  simultaneously  is  shown  in  Fig.  335.  A= 
furnished  by  the  Western  Electric  Company,  the  belts  are  wouri 
to  10  ohms  resistance  insuring  miuimum  draught  of  cum* 
from  the  battery  and  long  battery  life.  The  transmitter  td 
receiver  are  of  high  resistance  and  the  impedance  of  a  coil  thrnud 
which  battery  is  supplied  to  the  transmission  circuit  prevents  tin 
shunting  of  talking  currents  through  the  battery.  The  useol  hi|t 
resistance  transmitters  and  receivers  insures  that  the  most  dii» 
tant  instrument  will  receive  practically  as  much  as  those  out 
the  batteries.  The  wall  instruments  are  quite  similar  in  eitenul 
arrangement  to  that  of  Fig.  142.  but  are  furnished  in  the  suflatt 
type  only.     Desk  instruments  can  also  he  supplied. 

314.  The  circuits  of  an  ordinary  lever  switch  intereommuffl' 
eating  system  are  shown  in  Tig.  ijt>.    Ont  ■ataxias  calls  anoU* 

bby  the  turning  of  a  magneto  generator.  v\\e  s*nu£&V 
Srst  been  moved  into  contact  with  tiietauvian.  tt™— 
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mber  of  the  station  desired.  The  disad vantage  of  the  system 
that  the  switch  lever  must  always  be  returned  to  the  •'home" 
or  endless  confusion  from,  cross  signals  will  result. 


315.  The  circuits  of  a  common -battery,  common-return  plug 
■d  jack  intercommunicating  system  are  shown  in  I-'ig.  237.  The 
ring  for  10  stations  is  shown  but  only  5  of  them  are  indicted. 
le  plug  is  inserted  in  the  jack  1  orrcsg  limiting  to  the  station  warned 


d  a  pressure  of  the  key  rings  the  wanted  station's  bell.     Imped- 
;e  coils  are  insert ed  in  the  primary  circuits  i>»  tcA»t.fc  oKfi&Viit 
i  the  transmitter  is  bridged  by  a  condenser  ■«\i\t\i  ^iw^  *■ 
J  circuit  lor  the  talking  currents  set  up  by  One  w«nso£*-\*x. 


The 
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plug  must  be  removed  after  a  conversation,  or  cross  ringing  I 
will  result. 

316.  The  circuits  of  the  Holtzer-Cabot  intercommunicating 
system  arc  shown  in  Fig.  238.  The  switch  is  so  arranged  with  1 
ratchet  wheel  that  it  will  be  released  and  flyback  to  normal  position 
through  the  action  of  a  spring  when,  after  a  conversation  is  finished, 
the  receiver  is  hung  up.  The  switch  lever  at  each  station  is  arranged 
to  slide  over  and  make  contact  with  the  buttons.  However,  iht 
curved  contact  piece  is  so  arranged  that  the  lever  will  not  normally 


engage  it  but  by  pressing  on  the  handle  of  the  lever  it  may  be  brought 
into  engagement  and  thereby  complete  the  ringing  circuits  through 
the  bells  of  both  stations. 

317,  The  circuits  of  a  metallic  circuit  intercommunicating 
system  using  plugs  and  jacks  or  keys  instead  of  a  switch  are  shown 
in  Fig.  239.  In  many  systems  the  fault  exists  that  if  a  person  »t 
one  station  fails  to  return  his  switch  to  normal  after  using  his  tele- 
phone, he  cannot  be  called  by  others  because  his  instrument  is  not 
connected  with  his  own  line.  In  the  circuit  shown  this  is  avoided 
by  permanently  connecting  the  bell  belonging  to  each  station  across 
the  line  of  that  station. 

There  are  five  lines  running  through  five  separate  stations  ami 
the  call- receiving  bell  B  on  each  line  is  permanently  bridged  across 
the  line  at  that  station  bearing  the  same  number  as  the  line.  Two- 
point  spring  jacks  are  provided  at  each  station  for  each  line  and  the 
subscriber's  telephone  set  and  generator  may  be  switched  into  the 
circuit  of  any  line  by  insei  in  Ac  ^roner.   jack.     Thus 

if  a  party  at  Station  No.  1  desires  to  caWaViCwm^o,  ^  ■Cot  ^.v--1 
station  No.  1  would  be  inserted  m  jwit  No.  5  ilvi  **  ■*,«« 
operated.      This  would  ring  the  b«&  at  Srtaxvni  'So-  ^  mA'1' 
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st  that  station  would  respond  by  inserting  the  plug  in  his  owi 
home  jnck.  When  through  talking,  if  the  party  at  Station  No.  I 
Wt  his  plug  in  connection  with  line  No.  s,  no  harm  would  be  dam 

Station  Nal    Station  No.t  StationNo.3  Station  No.  4    StationNo.5 


TaikingBatf.  RingingBatt   R'etara 
Door  OpermrS&ftery 


as  other  parties  could  operate  the  call  bells  of  either  line,  No.  i 
A'u.  .,-.  just  as  well  nilh  the-  plug  inserted  a.s  w\\Si "«.  ouV. 
Instead  of  using  plugs  and  jacks,  as  shoaiimV'^  'WA° 
— *~B  of  the  telephones  with  the  -jw'w^  ^aw*,  ' 
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it  arrangement,  described  hereinafter,  involving,  however, 
e  principle,  is  to  employ  push  butlons  nr  keys.      The  proper 
ion  with  these  is  made  by  pushing  a  key  instead  of  inserting  a 
jlug  in  a  jack. 

318.     Apartment  house  telephone  system  circuits  are  shown  in 
Figs.  240  and  241  which  are  recommended  when  Ihc  installation  of  a 


sBuH-vn 


private  branch  exchange  is  not  justified.  These  illnstral  inns  show 
Western  Electric  (.'omj.r;tiiy's  Interphone  systems.  The  suite 
telephones  (Fisj.  ?.|.>i  may  l>o  of  ciilicr  the  flush  or  surfii.ee  types. 
The  talking  battery  is  fed  through  relaxation  ceils,  so  in  inslalhUion 
where  there  is  provision  for  simultaneous  conversation  between 
two  stations,  there  cannot  lie  cross  talk.  The  receiver  and  trans- 
mitter in  the  telephones  are  in  series,  an  induction  coil  not  being 


lecessary  for  the  short  distances  involved.  The  calling  buttons 
in  the  telephones  nial.e  cooih'l  lions  as  dcs<  ribed  in  paragraph  31Q. 
A'here  a  janitor's  set  is  installed,  the  annunciator  for  il  is  similar  to 
ordinary  annunciators.  One  janitor's  equipment  can  be  made  to 
.erve  any  reasonable  number  of  vestibules  At\d  a\ia.t\.mci\\=.  \vj 
naking  proper  modifications.  The  betts  "m  v\\e  a.\«n\ross*s  ■*«■ 
wind  to  10  ohms  and  the  resistance  oi  the  iasatat* 


Iraitsmifltr-, 


554       AMERICAN  ELECTRICIANS'  HANDBOOK    [Sect.  4    w 

drop  plus  that  of  his  bell  is  10  ohms,  which  insures  minimum 
draught  of  current  from  the  battery  and  maximum  battery  lift 
Ordinary  electric  bells  have  aboul  a  or  3  ohms  resistance.  _ 

3ig.  The  operation  of  the  keys  in  an  interphone  instrument 
h  shown  in  Tig.  243.  When  the  butlon  is  pressed  all  the  way  down 
as  at  //,  the  ringing  position  ol 
the  key,  contact  is  made  witb 
the  liue  wires  of  the  station  cnM 
and  ringing  current  is  thrown  oul 
on  that  line.  When  the  pressure 
on  the  button  is  released,  it  as- 
sumes an  intermediate  position, 
III,  the  talking  position,  and  tie 
ringing  contacts  0  i 
open  but  contact  with  the  line 
for  talking  purposes 
tained.  The  key  is 
cally  held  in  this  in 
position  by  a  locking  plate  m 
this  plate  is  actuated  by  the  oper- 
ation of  any  other  button  in  tbe 
telephone  which  releases  the  key 
so  that  it  assumes  its  normal  posi- 
tion as  shown  at  /. 

320.  An  automatic  key  inter- 
communicating system  which  per- 
mits simultaneous  communication  between  stations  is  shown  in 
Fig.  344.  This  is  a  Western  Electric  Company  Interphone  circuit, 
but  similar  arrangements  an-  furnished  by  other  concerns.  Tie 
instruments  are  quite  similar  in  appearance  to  that  of  Fig.  345 
and  may  be  of  either  the  flush  or  surface  type,  or  desk 


Button 


— Flush-typo  i 


main-  I: 

m«lin-' 
:munli  I 


used.     The  operation  of  the  automatic  keys  is  described  ii 
Irripedance  Coll  \_2 


Sin 


graph  319.  Wiring  between  stations  may  he  lull  metallic  as  shown 
or  common  return.  Full  metallic  is  recommended  and  instruments 
are  arranged  for  it,  but  can  be  easily  altered  by  the  wiremu  !of 
im.  Circuit  arrangements  can  be  provided  insuring 
!  between  certain  st.aT.ums,.  TYite*  or  more  partis 
with  each  other  at  woce  Vy  Aeptessm^ttwt' 
ing  buttons. 
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321.  An  arrangement  wherein  the  master  station  can  tall 
any  outlying  station  but  the  outlying  station  can  call  only  the 

master  Station  is  shown  in  Fig.  24c  which  gives  I  hi:  Western  Electric 
circuit.  In  general  Liii:-  is  similar  L<>  ilu:  scheme  of  Fig.  235.  The 
arrangement  is  used  in  schools,  factories,  stores,  backs  and  offices 
where  an  executive  communicates  wii  h  subordinates  and  they  with 
him,  but  where  there  is  no  occasion  for  the  subordinates  communi- 
cating with  each  other. 

322.  Conductors  for  telephone  wiring  (Standard  Handbook) 
are  usually  of  rubber-covered,  twisted  pair,  copper  wire,  but  the 
work  may  often  he  done  much  better  and  cheaper,  particularly  in 
large  buildings,  with  lead-covered  paper-insulated  cable  such  as  is 
used  by  telephone  companies  in  tin-  subways.  These  cables  are 
smaller  for  the  same  number  of  wires  and  are  less  costly  than  cables 
containing  the  same  number  of  wires  rubber-insulated.  Paper 
cables  less  than  3  in.  in  diameter  and  containing  as  many  as  600 
pairs  can  be  obtained.  Of  course  with  this  type  of  cable  all  the 
terminals  of  the  cable  or  its  branches  must  be  made  with  lead- 
covered,  silk-and-cotton  insulated  cables,  as  the  paper  insulation 
will  not  staml  handling  when  exposed.  Where  the  terminal  is  in  a 
damp  location  the  run  should  be  made  with  rubber-covered  wire. 
Shafts  are  preferable  to  iron  conduit  for  carrying  the  main  riser 
cables,  as  it  is  a  dil'licult  mailer  lo  make  spikes  between  the  riser 
cables  and  the  floor  terminal  cables  if  the  former  arc  run  in  conduit. 

313.  In  installing  telephone  cables  or  conductors  for  a  system  a 
few  spare  pairs  should  always  be  included.  Where  this  is  done 
the  installation  of  additional  stati 
having  provision  for  more  static 
installation  should  be  used  to  ob- 
viate the  replacement  of  the  in- 
struments which  is  otherwise 
necessary    when    additional   sla- 

324.     In  wiring  for  telephi 
and  signaling  systems  in  depart- 
ment stores  {Standard  Handbook) 
or    in    other    places    where  it  is 

desirable  to  have  outlets  for  coun- 
ters or  on  desks,  a  very  flexible 
system  may  be  installed  as  fol- 
lows: Lines  of  i-in.  galvanized 
pipe  may  be  laid  under  the  floor 
from  the  riser  shafts  and  arranged 

to  checker  the  Hour  (Fig.  z_iK)  in  such  a  manner  that  all  parts  of  the 
floor  are  within  shorl  range  nf  I  he  nutlet  points.  Connection  boxes 
(Fig.  247)  may  be  Installed  at  intervals  of  50  it,  into  which  the  lines 
of  conduit  arc  bushed.  These  boxes  should  be  large  enough  and 
square  and  should  he  lilted  with  tight  lit  ling  brass  cover-plates  flush 
with  tie  surface  of  the  finished  floor.  Service  outlets  through  which 
connections  may  be  extended  to  telephones,  \«J1&,  tts-,  TCffl.^  t*. 
located  approximately  10  ft.  apart  throughout.  One  eo&its,  =,-j'SvSxa: 
From  fiese  outiet-tees  and  the  vacant  sides  cA  \3oft  onssasNissa, 


■■■■■■  — — iffy-" 
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boxes,  wires  may  be   fished  under  the  floor 

The  tees  in  the  conduit  may  be  entirely  concealed  beneath  the  floor 
and  made  accessible  through  removable  sections  of  the  flooring  above 
them.  The  tecs  may  be  normally  plumed,  and  may  be  fitted  with 
outlet  bushings  when  conned  ions  arc  to  lie  made  through  them, 
s  for  these  low  voltage  circuits  may  be  mails 
through  2-in.  conduil 
relocated  in  the  WW 
space  as  the  lighting 
'sees.  Special  intercim- 
ected  panels  (Fig.  240) 
should  be  provided  it 
every  floor  through 
which  branch  connec- 
»  the  underflow 
conduit  system  may  be 
easily  made.  The  inter- 
changing of  connections 
may  also  be  made  it 
these  panels.  This  sys- 
tem may  be  used  for  all 
telephone,  bell  and  signal 

315.  For  wiring  large  office  buildings  for  telephones  (Standard 
Handbook)  a  very  economical  and  satisfactory  system  can  be  ar- 
ranged as  follows:  One  or  more  terminal  boxes  are  provided  on 
each  floor  lit  points  adjacent  to  vertical  pipe-shafts.  Elevator 
shafts  can  frequently  be  used  for  this  purpose.  From  the  basement 
one  or  more  cables  arc  extended  up  through  these  shafts.  Branch 
taps  ol  sulticicnl  size  to  provide  for  service  on  each  floor  are  termi- 
nated in  the  terminal  boxes.  The  riser  cables  and  the  sen-ice 
cables    from    the   tele-  .       ,  „__ 

phone  exchange  should 


.-, — ^_ . _ a — 

mil/-- 
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made  between  the  two 
sets    of    cables.      The 
terminal   boxes  should 
be  placed  near  the  ceil- 
ing and  wide  shell  mold- 
ing should  lie  provided  Fio.  349- — ImiTCJancciiot 
in  the  halls  for  carry- 
ing the  wires  from  the  terminal  boxes  to  the  room! 
molding  should  also  be  provided  for   carrying    the 
individual  rooms. 

Where  the  wires  enter  the  room  from  the  hall,  a  piece  of  \ 
conduit  should  be  furnished  (or  carrying  I  he  wires  through  the  par 
tion.     This  conduit  should  be  civhi-r  Vvni-i\  vi'iOn  'm=,u\a.\Xwj, t&s" 
or  the  sharp  edges  around  the  inside  cA  \.\u:  pi\ie  siiuiJul'Yicx* 
off.     Where  it  is  necessary  to  run  across  vVe  teOim^olC  "  ' 


I 
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to  avoid  either  carrying  the  exposed  wires  across  the  finished  ceiling, 
or  making  a  circuitous  run  around  the  hall  to  reach  the  rooms  on 
the  opposite  side  from  the  floor  terminal,  conduit  should  be  installed 
across  the  ceiling  before  I  hi-  plastering  is  completed  lor  the  purpose 
of  carrying  a  small  branch  cable  to  provide  for  such  lines. 

326.  When  wiring  large  hotels  and  apartment  houses  for 

telephones  (Standard  Ihiiidlmut)  it  may  be  taken  for  granted  that 
one  telephone  will  be  required  in  each  room  of  a  hotel  and  one  for 
each  apartment  in  an  apartment  house.  In  office  buildings,  a 
number  of  telephones  may  be  required  in  one  room,  and  a  very 
flexible  system  of  wiring  must  be  installed.  In  hotels  the  wiring 
involves  the  running  of  a  pair  of  wires  from  each  room  to  a  common 
center  near  the  switchboard  which  is  usually  located  on  the  first 
floor.  Provision  should  also  be  made  so  thai  the  (able  of  the  tele- 
phone company  earn,  ins:  the  trunk  lines  may  run  from  the  switch- 
board to  the  outside  of  the  building.  A  2-iu.  conduit  is  usually 
large  enough  for  this  purpose,  but  the  local  telephone  company 
which  usually  installs,  the  wires  after  the  race  ways  are  in  place 
should  be  consulted. 

From  the  telephone  switchboard  a  .able  is  run  through  the  verti- 
cal pipe  shaft.  The  size  oi  this  cable  dimmi-hes  as  it  extends  up 
through  the  building.  At  each  box  a  tap  is  terminated  of  sufficient 
sine  to  provide  wires  for  all  telephones  on  that  floor.  From  the 
terminal  boxes  mi  each  floor  twilled  pairs  oi  rubber-insulated  wires 
are  run  through  the  conduits  10  locations  in  each  room. 

A  very  simple  manner  of  wiring  apartment  or  hotel  buildings 
for  telephones  is  to  place  a  terminal  In  is  on  each  floor  convenient  to 
n  vertical  pipe  shaft.  From  this  terminal  bos  a  J-in.  conduit  is  run 
to  a  designated  location  in  the  wall  of  each  room.  The  height  of 
the  outlet  should  be  4  ft.  10  in.  from  ilie  (unshed  floor.  This  con- 
duit should  not  be  over  50  ft.  long  and  should  have  not  more  than 
three  bends  with  a  minimum  radius  of  five  inches.  Any  conduit 
100  ft.  long  should  be  not  less  than  r  in.  in  diameter;  j-in.  con- 
duit should  be  provided  for  a  maximum  o(  two  pairs  of  wires; 
j-in.  conduit  for  five  pairs,  and  i-in.  conduit  for  ten  pairs.  In 
extending  the  conduit  from  the  terminal  box  to  rooms,  it  is  possible 
to  use  one  run  of  larger  conduit  to  supply  a  number  of  rooms,  rather 
than  run  small  conduit  to  each  room.  Where  the  floor  area  is 
large  and  the  number  of  telephones  required  is  great,  it  may  be 
found  economical  to  install  more  than  one.  terminal  box  on  a  floor. 

327.  In  relatively  small  apartment  houses  where  only  one 
telephone  Is  required  in  each  apartment,  it  Is  an  easy  matter  to  run 
a  vertical  conduit  up  through  each  tier  of  apartments  and  provide 
an  outlet  in  each  apartment.  Individual  pairs  of  twisted  rubber 
covered  wire  can  then  be  pulled  from  the  switchboard  through 
the  conduit  for  each  telephone.  The  individual  wires  can  be  car- 
ried in  a  cable  from  the  bottom  of  the  risers  to  the  switchboard. 

328.  The  number  of  telephone  wires  to  be  provided  in  a  building 
depends,  of  course,  on  the  building  and  the  class  of  business  for 
which  it  is  co  be  used.  A  rough  average  \s  one  pa«  xicx  i<»  y\,  I*.. 
ol  Boor  apace  in  financial  buildinjrs,  anc\  one  pws  V<ai  wWj  ■»,«>'«» 

of  Boor  space  in  commercial  buiicVmgs. 
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329.  Factors  Affecting  Wiring  Lay-outs  (Standard  Handbook).— 
In  conduit  work  the  span;  availahle  often  dictates  that  the  feeders 
be  split  up  into  two  Ot  more  feeder  lines.  Conduit  larger  than  1  in. 
ir.  diameter  is  not  easily  handled,  and  even  if  the  run  were  such 
that  i-in.  conduit  could  be  easily  installed,  it  would  be  preferable 
to  install  smaller  conduit  and  divide  the  feeders  so  as  to  guard 
against  complete  shut  down  should  anything  happen  to  the  feeders. 
Very  often  the  mistake  is  made  of  inslalling  ieeders just  large  enough 
to  carry  the  present  load,  and  when  additions  are  called  for  L1 
feeders  are  overloaded  and  additional  feeders  must  be  installed 
great  expense.  The  same  is  true  of  branch  circuits.  The  maximu 
allowance  of  660  watts  on  branch  circuits  should  not  be  used  Up, 
Frequently  a  larger  lamp  may  be  substituted  for  a  16-c.p.  lamp; 
in  fact,  this  is  very  easily  done  because  of  the  fact  that  the  lamp 
socket  will  take  any  size  of  incandescent  lamp  Up  to  500  c.p 
and  circuits  are  thus  easily  overloaded.     It  is  usual  to  connect  up 

.about  400  watts  so  that  fans,  etc.,  may  be  connected  afterward 
without  overloading  the  circuit. 

330.  In  selecting  a  system  for  wiring  for  light  one  should  be 
used  whereby  110  volts  or  thereabouts  can  be  impressed  on  the 
lamp  terminals.  Nominal  uovolt  incandescent  lamps,  including 
those  of  voltages  of  from  say  go  volts  to  115  volts,  are  more  efficient, 
cheaper  and  have  longer  lives  than  those  for  higher  voltages,' 
Lamps  of  numin.il  railage1  of  about  50  vol  is  are  seldom  used  no* 
and  require  excessive  expenditures  for  copper  conductors.  The 
three-wtre  system  is  much  more  economical  of  copper  than  a  twu- 
wire  system,  therefore  should  be  used  for  feeders  and  mains  hi 
installations  of  any  eonse<|uenre;  then  tin-  two- wire  system  is  used 
for  branches.  Three-phase  systems  can  be  used  for  lighting  as 
els.  where  described  (see  index)  and  can  be  used  to  advantage  in 
industrial  plan  is  where  I  he  use  of  constant  speed  motors  makes  the 
use  of  the  three-phase  system  desirable. 

331.  The  method  to  use  for  wiring  a  building  is  determined  by 
conditions.  For  residences:  Exposed  work  on  knobs  and  cleats  is 
cheap  and  safe  but  seldom  used  because  m"  lis  nn sightliness.  Mold- 
ing work  is  son  Ultimo*  used  in  old  building-  but  dors  not  look  well. 
The  knob  and  tube  method  ean.be  used  when  the  building  is  being 
wired  while  under  construction  ot  in  wiring  an  old  building,  ft  is  a 
low-cost  method  and  quite  safe.    Either  rigid  or  flexible  conduit 

>r  steel  armored  conductor  wiring  are  best  and  also 


armored  conductors  provide  the  best  and  safest  installation  for 
wiring  old  buildings.  For  bit"tne<s  and  public  buildings  ot  frtnw 
or  of  brick  and  frame  construction  the  above  suggestions  for 
residence  wiring  apply.  For  fire-proof  buildings  the  rigid, 
iron  conduit  me!  hod  is  used  almost  exclusively. 
332.  In  planning  the  wiring  lot  e.  lesi&ence  acwi  >e&t 
phns  <>!  the  building  or,  if  it  is  a.  smaSV  owe,  \i«kwjA.  VfafcV" 
Decide  first  where  the  meter  is  to \ic  totaled,  ^V\iex>G\M.  A 
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to  the  building  should  be  as  dose  to  the  meter  as  possible.  Some 
central  station  companii-s  specif  v  whure  meters  shall  he  located. 
Often  the  meter  can  be  located  and  the  service  wires  enter  in  the 
cellar,  as  in  Fig.  350.  A  kitchen  is  a  pour  location  for  meters  be- 
cause they  will  get  greasy  and  collect  dirt.  Where  the  service 
wires  enter  between  the  first  and  second  floors  a  g.iod  location  for 
the  meter  is  in  a  rear  hall  or  in  the  pantry.  Meters  should  not  be 
located  in  attics  or  where  the  readers  must  climb  stairs  to  reach 
them.     A  basement  or  a  lirst  tluor  entrance  is  the  best. 

Th  '  niri  it  lor;i  1  ion  h;i\  inn  t  -■  ■  - 1  ■  i  ■  drt  it  mined,  ,i-<  .el  -in  how  many 
lamp  outlets  there  will  be,  the  current  taken  at  each,  and  where 


in 

-_r  -'J-- 

l/pfcftna/      . 

/  Or  Tqurr  Mcofes  '*f ) 


=     ■  flojfi  ftun'to* 


Pre.  350.— Wiring  lay-out  in  a  two-story  house  (Conduit  Method). 

the  outlets  will  be  located.  Decide  on  the  location  of  the  distrib- 
uting center  as  directed  in  another  paragraph.  Divide  the  outlets 
into  groups  requiring  less  than  660  watts,  each  group  to  be  fed  by  a 
branch  circuit  iroin  the  distributing  center.  No  bran:h  circuit 
feeding  incandescent  lamps  can  have  a  load  in  excess  of  660  watts 
connected  to  it  and  it  is  better  to  so  subdivide  the  outlets  that  no 
branch  circuit  will  have  an  initial  load  greater  than  about  440 
watts  which  allows  220  watts  lor  growth.  Fig.  250  shows  the  sub- 
division of  branch  circuits  radiating  from  a  distributing  center 
throughout  .1  house.  Locate  the  switches.  CAcAiXt  ft*  ■&«.«&, 
feeder  that  will  be  required  in  accordance  Vrfn.  &wkXmsosi  '»~]B 
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elsewhere  herein.     If  load  exceeds  660  watts  it  Is  best  to 
three-wire  service.     Incandescent  lamp  branch  circuits 
of  No.  14  wire  unless  they  are  over  100  ft.  long  when  \ 
as  large  as  No.  12  should  be  used.     No.  141s  the  small 
nutted  by  the  Code.     Figs,  250  and  252  show  plans  for  conduit 
with  non-conduit  jobs  the  arrangement  would  be  the  same  1 
that  splices  could  be  made  elsewhere  than  in  outlet  boxes. 

333.  The  wiring  in  a  residence  between  the  entrance  and 
distributing  center  is  shown  with  a  three-wire  feeder  in  Fi 
A  fused  entrance  switch  is  always  Inserted  in  the  feeder 
immediately  inside  of  the  building,  then  comes  the  met 
finally  the  branch  blocks  or  panel  lios  ivherebv  the  branch  1 
are  tapped  from  the  feeder  for  distribution  throughout  the  building. 
With  a  two-wire  feeder  the  arrangement  would  be  similar. 


Fig.  iji—  Wiring 


334.  Distributing  Centers  in  Residences. — Often  one  panel  ora 
grcup  of  cut-out  blocks  is  sullicient  for  an  entire  house  of  three 
stories  or  less  and  not  requiring  more  than  10  or  r 2  branch  circuit. 
See  other  items  in  this  section  describing  panel  boxes  and  thek 
construction.  It  is  much  better,  if  possible,  to  locate  all  cut-ouls 
in  one  group  than  to  distribute  them  all  through  a  house.  In  a 
one-story  house  all  branch  cut-outs  or  panel  boxes  ran  usually  be 
located  near  the  meter  at  the  entrance  or  in  a  hall.  In  a  two-story 
house  the  best,  location  is  usually  in  the  stairway  to  the  cellar  ot  in 
the  rear  hall.  In  a  three-story  house  the  best  location  for  the 
distributing  center  is  usually  in  the  second  floor  hall.  Where 
there  are  more  than  three  stories,  distributing  centers  can  be  effec- 
tively located  on  every  third  or  second  floor.  Fig.  i$i  shows  the 
wiring  plan  and  distributing  center  in  a  one-story  residence. 
Closets  are  considered  very  unsafe  lot  aliens  for  distributing  centers. 

335.  Things  to  Consider  when  Laying  Out  Residence  Wiring 
(National  Elertric  Light  Association  Bulletin), — Three-way  swttcha 
should  be  used  to  control  the  hall  lights  on  two  or  more  lloors  from 
any  floor.     A  double-control  switch  can  be  installed 
whereby  a  portion  or  all  of  the  lamps  in  the  room  can  be  light 
extinguished  with  this  same  switch.      Wall  nviklies  should  be  lo 

30  that  the  door  which  they  are  neat  vj\\\  i\oV  cowet  Item  wUen 
are  open.     A  master  switch  (01  thrown 


ee-way  switches 
tore  floors  from 
■  I  in  any  roc: . 
in  be  lighted  of 
lould  be  locattd 
V&ttv  wUen  they 
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se  in  case  of  accident  can  be  located  in  the  owner's  bed  room. 
loset  door  switch  can  be  inserted  in  the  jamb  of  a  closet  door 
sreby  a  lamp  in  the  closet  will  be  automatically  lighted  when 

door  is  opened.  Through  [lie  use  of  a  chain  pull  socket  fur 
closet  lamp,  waste  of  electricity  can  be  avoided  when  the  door 
■pen.  Switches  fur  [run!  porch  mid  lower  hoi!  lamps  should  be 
ited  conveniently  near  the  door  so  one  can  reach  in  from  the 
iide,  with  the  door  parluiHy  open,  and  turn  them  cm  or  can,  ' 
■a  inside,  open  the  door  with  one  hand  and  turn  the  switch  with 


Other.  A  cellar  beacon  light,  a  small  red  lamp  near  the  cellar 
p  switch,  can  be  arranged  to  remain  lighted  so  long  as  the 
*r  lamps  are  burning.  Bathroom  lamp  outlets  should  be  so 
inged  that  shadows  will  not  be  casl  against  windows. 
36.  There  are  five  points  that  must  be  considered  in  designing 
wiring  lay-out  for  a  large  building  (Knox,  Electric  Light  Wiring) 

.  Control  of  groups  of  receivers  (other  than  hall  or  night  ligkts) 

a  the  main  switchboard. 

,  Control  of  hall  light-:  from  the  mo  in  switchboard. 

.     Maximum  load  lhal  •houiil  be  served  l/y  one  feeder. 

,   The  best  maximum  limit  for  the  size  of  ike  feeder  conductors. 

.   The  proportion  of  the  total  voltage  drop  that  can  be  allowed  in 

ach  of  these  items  will  be  separately  eun-ukted  va  dvi falWisi, 
graphs.  By  a  receiver  is  meant  any  dtvw*  *!oaN.  «m=»sat=i 
Heal  energy. 
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Control  of  groups  of  receivers  (other  than  hall  o 
_  its)  from  the  main  switchboard.  Where  it  is  desirable 
trol  a  group  of  receivers  from  the  main  switchboard  in  the  bai 
a  separate  feeder  must  be  carried  from  it  to  each  group  to 
controlled.  Usually  the  feeder  system  ran  be  laid  out  ' 
regard  to  the  control  of  the  room  lights,  because,  as  a  rule, 
not  have  to  be  controlled  from  the  switchboard.  It  i» 
advisable  to  have  each  of  the  loner  floors,  up  to  and  iadi 
ground  door,  on  a  separate  switch  as  these  floors  often  req_ 
when  (he  others  do  not.  Special  lighting  appliances  such 
dock  dial  and  outside  dome  lights  require  separate  feeders  Ina 
the  switchboard  because  they  are  turned  on  and  off  at  Set  times  (w 
the  switchboard.  Certain  motors  may  require  similar  conlni 
In  hotels  the  feeder  switches  are  never  opened  except 

accident  so,  from  a  control  standpoint  only,  it  is  not  nc 

subdivide  hotel  feeders.     Where  tenants  of  portions  of  buildinp 

Siay  for  the  light  they  use  it  is  often  desirable  to  carry  a  -q^M 
eeder  from  the  switchboard  to  each  tenant's  suite  so  that  all 
can  be  located  together  at  the  switchboard.  Suites  can  be  n 
separately  by  cutting  meters  in  the  mains  at  the  suites  but  lUt 
may  be  undesirable. 

338.    The  control  of  hall  lights  from  the  main  switchboard  i;  < 
important  consideration.     In  private  dwellings  it  does  not  usuil 
pay  to  install  a  separate  feeder  for  the  hall  lights,  and  it  may  not 
necessary   in   a   hotel   where  attendants   are  constantly  pussiuj 
the  halls.     In  a  majority  of  public  buildings,  however.  scl.';u,iI[ 
control  of  the  hall  lights  is  very  desirable  if  not  necessary.   Ths 
usual  problem  is,  then,  whether  there  shall  be  one  or  two  Ktitl 
hall  light  feeders.     With  two  sets  of  feeders  for  hall  lights  1 "  i 
switches  may  be  eliminated  and  control  effected  entirely  from  tic 
main  switchboard.     Two  sets  of  hall  feeders  increase  the  ct 
installation  but  the  saving  in  energy  usually  justifies  them. 
arranging   two  sets  of  feeders,  one  set  serving   say.  one- third  ii- 
hall  lights  and  the  other  the  remaining  two  thirds,  the  smalltr  >"■■:;■ 
can  be  used  for  dark  days  and  for  an  all-night  circuit  ,  : 
in  energy  will  result.     Where  there  are  two  sets  of  hall  lights  tbw 
controlled  the  wiring  of  ootlets  should  be  such  that  there  wi"  ' 
uniform   distribution   of   light   whichever   set   is   lighted, 
tenants  pay  for  the  energy  used  in  their  suites  a  separate 
for  the  hall  lights  is  indispensable, 

33Q.  Maximum  Load  that  Should  be  Served  by  One  E 
-  -It  is  impossible  to  nice  a  hard  and  fast  rule  covering  this  f( 
The  total  load  in  the  building,  the  available  space  (or  the 
board,  the  method  of  control  desired  and  the  cost  all  ii  ~ 
decision.  The  load  should  always  be  somewhat  subdivided  I" 
localize  trouble  and  so  that,  in  an  Isolated  plant,  the  engineer  ■  r; 
disconnect  portions  of  the  load,  while  he  is  getting  another  machine 
on  the  line,  when  the  load  comes  on  suddenly. 

340.    Best  Maximum  Limit  for  the  Size  of  Feeder 
On  a  basis  of  cost  aione  it  is  usmbScj  cJms^ci  v.  t\ 
conductors  than  a  great  number  ol  smaW  oms.    \*.  i™ 
E  conductors  \argei  tin-Q  1  ,c*>  ,0™  "™  ' 
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eater  capacity  is  required  it  is  cheaper  to  subdivide,  so  that  several 
nductors  will  have  the  aggregate  capacity  required.  For  alter- 
ing currents,  conductors  larger  than  700,000  cir."  mils  are  not 
ssirablc  because  of  skin  effect.  Often  the  space  available  for 
nducliir  run?;  makes  it  necessary  to  use  small  conductors.  Each 
.se  must  be  decided  on  its  merits. 

341.  The  Proportion  of  the  Total  Voltage  Drop  that  can  be  al- 
wed  in  Feeders  and  Mains. — Distribution  of  drop  is  discussed  in 
lothcr  section  and  it  is  there  stilted  ilial.il  is  usual  to  confine  certain 
■oportions  of  the  drop  to  the  feeders,  certain  proportions  to  the 
ains  and  certain  proportions  to  the  brunrhes.  As  the  allowable 
jltapc  drop  determines  the  size  of  a  feeder  or  main  it  is  evident 
tat  the  lay-out  of  feeders  and  mains  for  any  given  job  will  in  a 
easiire  depend  on  the  drop  distribution.  Where  the  load  on  an 
incandescent  lighting  feeder  ex- 
ceeds 660  to  1000  watts,  a  three- 
wire  feeder  should  be  used  to  ir 


342.     To  design  the  wiring  lay-out  for  a  large  building  make  a 

HILonal-clcvatHin  drawing  of  the  structure  and  a  plan  drawing  of 
ich  floor.  Indicate  the  receivers  (lamps  and  motors)  on  the 
ians  and  then  locate  panel  boxes  so  that,  in  genKiA,  oo 'vM^fi«s3k 
■anch  circuit  will  be  much  over  100  ft.  \oyir  ere  \ru«&a.\E«&;«ss!2^ 
;ater  than  400  watts.     While  tjbo  wills  is  itowasie  ""*•  '"* 


.i!  iiir.1. 
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o  provide  ihc  no  watts  spare  capacity.  Panel  boxesi 
placed  so  that  they  can  be  readily  reached  and  so  Ulil  tU 
circuits,  m:iins  and  feeders  can  be  run  to  them.  Comj  " 
>n  each  panel  box  and  indicate  it  on  the  drawing  ai 

Now  lay  out  the  mains  and  feeders.     First  decide  « 
13.11  or  public  lights  will  be  controlled  separately,  c 

the  private  lights  from  the  main  switchboard  beca 

affects  the  arrangement  of  the  feeders  and  possibly  that  of  tk 
Nest  decide  (note  conditions  outlined  above  affecting  this 
whether  there  should  be  a  separate  feeder  to  each  floor  is 
,  or  whether  several  floors  or  portions  thereof  will  be  as 


one  feeder  (Tigs.  254  and  35s).  Where 
arately  control  I  he  loads  oh  the  different  floors  and  where 
(iuctor  size  will  not  be  prohibitively  large,  the  cheapest 
bly  the  best  arrangement  is  to  serve  several  or  possibly  » 
with  one  feeder.  Usually  the  only  limit  to  the  number 
that  may  be  served  with  one  feeder  is  the  refinement  ffl 
that  is  required  from  the  main  switchboard-  It  is  fro 
necessary  to  make  several  tentative  lay-outs 
before  Ihe  most  desirable  atraivgemeiA'viW&i, 
arrangement  of  mains  and  iccdera  an& 
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given  elsewhere.  If  the  tentative  scheme  does  not 
:tory  lay  out  another  and  try  that.  Motors,  and 
itors,  unless  very  small,  should  be  served  by  inde- 


s  but  each  method 


es  rather  than  actual 
le  effectively  applied 
ain  case.  Elevator 
rovlde  excellent  run- 
cal,  conduit-encased 
!ains  and  leedera 
called  of  a  size  25  per 
:han  actually  neces- 
le  for  growth.  It  is 
lc>  arrange  to  install 
Lain  5  in  conduit  even 
conductors  are  run 

ers  and  Mains  to 
of     Buildings. — In 

■rering    large    areas, 

boxes  per  floor  may 

These  panel  boxes 
served  by  a  separate 
ll  wire  ways  are  con- 
25;)  or  it  may  be 
tall  but  one  riser  to 
i  distribute  through 
,ains    to    the    panel 

floor  as  in  Tig.  254. 

tion  where  the  feed- 

fns  are  all   vertical 

:  no  feeder  runs  in 

[Tie  construction  of  the  bui'dhi:-  and  the  flexibility  of 

si  largely  determine  these  points.      An  excellent  ar- 

one  with  a  feeder  to  each  floor,  Fig.  253,  wherein 
ontrol  and  good  voltage  regulation  are  assured.  The 
;.  254,  one  feeder  serving  three  or  more  floors,  is  prob- 
Bn  used.  It  costs  someivli.it  less  ( 1 : :i  n  I  he  fceder-per- 
.  but  does  not  provide  equal  flexibility  of  control  nor 

voltage  regulation.  The  feeder  and  main  arrange- 
Z55  will  also  give  good  results  if  the  main  connecting 
a  boxes  is  made  of  the  same  size  wire  throughout, 
e  installation  of  fuses  in  series.  (See  a'  discussion 
s  applied  to  the  mains  connecting  a  number  of 
ne  floor,  which  is  given  in  a  following  para- 
single  main  is  made  to  serve  all  the  panel 
tiding  as  in  Fig.  250.  but  as  a  general  proposition  this 
many  eggs  in  one  basket"   and  tcsaAVs  -uy  Vs&ssSt&fc 

particular  case  must  be  derided  c/p.  ^Xmsis.  <&.  oasX. 


• 
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Distribution  to  PanelBoxes  on  Floors. — (Seeabovepa 
graph.)     Olten  in  buildings  covering  a  small  area  one  panel  boil 
floor  for  genera!  lighting  is  sufficient.     Fig.  253,  floors  V  andl 
show  an  arrangements!  mains  from  the  distribu ting  bos  tothepu    ,  = 
boxes  that  may  be  used  where  the  distributing  box  is  locald     r1 
about  the  center  of  the  building.     The  lay-out  on  floor  V  i»1 
best  because  with  it  trouble  b  localized,  and  very  uniform  pr 
at  panel  boxes  is  assured.       Where,  as  shown  in   V,  subdtvil 
mains  are  used  the  conduit  !■  >r  them  will  be  small  and  canbenad 
installed  within  thc^  floors.     The  method  of  IV  is  cheaper  It     * 
that  of  V  but  the  disadvantage  is  that  fuses  are  required  instil     J 
in  the  mains  at  each  point,  where  the  wire  size  changes.    The  mi' 
can  be  made  the  same  size  throughout  at  increased  cost  and  h 
thereby  avoided.     {Sec  information  on  mains  and  tapered  m 
in  Sect.  II  of  this  book.) 


Where  the  feeder  to  a  floor  rises  at  one  side  of  the  building  tlrt 
mains  from  the  distributing  box  to  the  panel  boxes  may  be  ar- 
ranged as  in  Fig.  254,  floors  IV,  V  and  VI.  The  lay-out  of  VI 
is  objectionable  because  there  must  be  a  fuse  in  series  with  llie 
main  in  every  panel  box.  By  using  two-wire  sizes  03  in  V  install 
of  four  the  number  of  series  fuses  is  reduced  to  two.  The  best 
arrangement  is  that  of  IV  because  with  it  there  are  no  series  fustsl 
and  troubles  are  localized.  Fig.  25;  shows  a  lay-out  on  a  floor 
that  is  served  by  t'cur  ;i:u:-.i  b^xos,  each  fed  by  a  vertical  riser. 

346.  Shop  Wiring  Design. — The  design  of  the  conductor  sys- 
tem betweeu  the  neiieratiriii  station  and  the  shop  buildings  of  an 
industrial  plant  that  generates  its  own  power  is  treated  in  another 
section  and  a  general  comparison  of  the  distribution  methods  tli.it 
may  be  involved  is  there  given.  The  wiring  for  the  lighting  cir- 
cuits within  the  shop  is  laid  out  on  \iifc  at™  \ymwsA  basis  as  '- 

other  buildings   as  herein,  ovitfined.    Toe  \v£omx%%,  \s*&w,i 

distribution  center  and  panel  bos  VkS-wM.  * 


e  -iWi\.  'Cok. 


is:  iir- 
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tor  other  buildings.  For  groups  of  motors,  circuits  independent  of 
the  lighting  circuits  should  be  provided  unless  the  motors  are  very 
small.  These  independent  circuits  should  extend  preferably  from 
the  generating  station  or  at  least  from  the  entrance  through  the 
building  to  points  wherever  there  are  motors. 

In  general.  I  lie  fact  firs  aUcctiu^  I  lie  design  of  interior  feeder  and 

-  -  >Hain  lay -tm Is  fur  power  circuits  are  the  same  as  (.'iron  in  Paragraph 

336.  Often  in  a  one-story  shop  or  on  each  of  the  floors  of  a  several 
Ktory  shop  the  best  metli.nl  of  serving  I  Le  motors  is  to  carry  a  single 
*n.ain  ike  entire  length  of  the  shop.     The  motors  can  then,  through 

.  .  ^Uses  and  switches,  be  connected  to  this  main.  A  single  main  on 
i  ^ach  floor  suffices  for  a  narrow  shop.     Where  the  shop  is  wide, 

„  t  several  parallel  mains  so  located  that  no  motor  is  very  far  from 
Some  one  of  them  may  he  installed.  Often  a  ring  main  running 
Ground  just  inside  of  the  shop  walls  (sec  Fig.  124  Par.  233)  provides 
a    good  arrangement.    The  branches  from  the  main  can  be  carried 

-  dom  the  walls  ami  under  the  floor  to  the  motors.  In  a  shop  of  sev- 
eral  stories,  unless  the  motor  load  is  very  small,  it  is  a  good  plan  to 

„_  *"un  separate  power  mains  from  the  entrance  to  the  building  to 
each  floor  but  any  of  the  feeder  anil  main  arrangements  shown  for 
lighting  circuits  in  Figs.  253  to  256  can  be  used.  However  the 
lay-outs  for  power  conductors  should  be,  and  usually  are,  much 
*»ore  simple  than  those  for  lighting  conductors.  A  simple  arrange- 
ment is  usually  possible  because  a  el.:>:-e  vnkage  regulation  is  not 
so  important  with  power  as  with  lighting  circuits. 

347.  Wiring  for  Electrical  Distribution  in  Industrial  Plants. 

-  - — Standard  practice  of  one  large  concern  is  described  by  Geo.  R. 
Terry,  in  li.ta.tr  ical  World,  June  23,  1912.  With  large  motors, 
each  of  which  takes  a  con  .iclcrablc  percentage  of  the  energy  trans- 
mitted over  a  main,  separate  motor  and   lighting  mains  are  pref- 

1         erable.      But  with  many  small  and  mixed  sizes  of  motors  which 
:        are  liable  to  removal  and  which  consume  a  relatively  small  pro- 
portion of  the  power  o£  the  mains,  one  system  of  feeders  and  mains 
for  motors  and  lamps  appears  to  work  out  to  greater  advantage 
as  any  one  motor  is  seldom  large  enough  to  cause  interruption  of 

The  feeders  are  carried  through  buildings  on  roof  trusses  sup- 
ported on  porcelain  cleats,  strain  insulators  being  used  at  turns 
and  ends.  The  cleats  merely  hold  t!ie  confine Lors  in  line  and  out 
of  contact  with  the  trusses.  When  circuits  pass  through  the  yards 
from  building  to  building  they  are  carried  on  glass  insulators  sup- 
ported on  steel  bents  attached  to  the  building  side  walls  or  roofs. 
The  general  rule  for  work  inside  of  buildings  is  to  run  all  circuits 
of  wires  larger  than  No.  S  B,  t  S.  gage  open  above  the  roof 
truss  line  and  in  conduit  below.  All  circuits  of  No.  8  and  smaller 
wire  are  always  in  conduit. 

INTERIOR  WIRING  COSTS 

348.  Ccst  of  Interior  Wiring  (Lectures  on  Illuminating  Engineer- 
ing, Johns  Hopkins  University,  October  and  Novemhet,  njv»V — 
Prices  of  labor  and  material  differ  in  different  WsX-iKws.  'asA.  W 

diSerent   times.     It  i3j  therefore,  difficult  to  staXe  c-jcti  a.vVtCT 
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r  wiring  for  lighting  should  be.    Id 


i 


mutely  whi 

state  the  limits  within  which  the  cost,  expressed  in  terms  of 
usual  contractor's  prici-  per  outlet,  should  lie.  The  figure:,  d' 
below  apply  to  interior  wiring  of  all  classes,  from  the  small 
dence  up  to  the  large  hold  or  office  building.  They  covet 
portion  of  the  work  from  the  main  source  of  supply,  assumed 
at  the  building  line.  In  case  the  building  is  lighted  from  its 
plant  these  figures  will  apply  to  the  portion  of  the  inslallalkra 
lying  between  the  lamps  and  the  plant  switchboard.  No  lamps, 
fixtures  or  reflectors  are  included  in  these  prices  which  are  for  work 
installed  as  building  is  being  constructed: 

Exposed  wiring,  $r.jo  to  $1.60  per  outlet. 

Wire  in  wooden  molding,  $2.00  to  82.50  per  outlet. 

Concealed  knob  and  tube  wiring,  $1.50  to  Sj.co  per  outlet,  witl 
$1.00  added  per  switch  outlet. 

Wiring  in  iron  conduit,  S4.50  to  $5.00  per  outlet. 

Wiring  in  iron  conduit  in  concrete  buildings,  85.00  to  S6.00  po 
outlet. 

In  the  above,  switches  and  baseboard  plugs  are  considered  as 

outlets  when  the  iron  bos  is  included.     If  the  switch  and  plateau 

also  to  he  furnished,  approximately  Si. 00  per  outlet  of  this  natun 

should  be  added.     For  the  larger  installations  in   modem  builil- 

ings  the  price  of  S7.00  per  outlet,  including  all  wiring  and  feeder* 

up  to  the  lighting  fixture,  has  been  found  to  be  a  fairly  close  figure. 

348A.    Knob  and  Tube  Wiring  In  Finished  Buildings 

PRICES  TO  CONSUMER  FOR  DIFFERENT  NUMBERS  OF 

OUTLETS.  Sl.MJUi  FLOUR   CONSTRUCTION 


H" 


S:S 


Add  as  per  following  for  outlets  under  other  than  single  floors 
and  for  hardware  and  drop  cords. 
Under  double  fioorint  otherwise  than  hardwood.     Second  or  third  story. 


Under  hardvnod  foerini 


tumrtn. 


Above  from  tables  prepared  fi>r  use  of  new  business  solicitors  by 
ie  Centra]  Station  Development  Company,  ul"  Cleveland,  Ohio. 
349.  Prices  of  Wiring  Old  Buildings-  Cottages. — (Common- 
wealth Edison  Co..  Chicago.  From  Duh: ,  November,  iqn.)  The 
prices  ace  ih.p-i'  charged  the  customer.  This  I1.1  1-  1 ,".!'. id  special 
schedule  "K"  and  is  lor  1  <;->r<.  m*i  if.es  wiih  open  atiii. 

Seven  to  twelvs  lights IjS.oo 

Thirteen  lights. . .    .  39.00 

Fourteen  lights  41-00 

Fifteen  lights  43.00 


U'ls 


Prices  of  wiring  for  switches  and  receptacles  a-  civcu  in  351 
be  added.  Prices  ol  fixture;,  nut  mduded.  The  prices  are  1 
00  concealed  liexibie  omduit  uotk,  except  in  basement  where 
conduit  is  used. 

350.  Prices  of  Wiring  Medium  Grade  Old  Buildings.— The  fol- 
lowing prices  are  those  charged  the  customer  by  the  Commonwealth 
Edison  Co..  Cliirag^.  ;'.m!  published  in  Dula,  October,  ion.  The 
prices  are  for  lamp  outlets  in  flats  of  semi -fire- proof  construction, 
renting  for  from  $25.00  to  $40.00  per  month  and  in  houses  rent- 
ing for  from  $20.00  to  $50.00  per  month.  Schedule  applies  only 
to  old  houses  having  double  floors  of  hardwood  on  pine.  Prices 
of  wiring  for  switches  and  receptacles  from  352  to  be  added  t< 
list  prices.  Prices  are  based  on  concealed  flexible  conduit  n 
except  in  basement  ivliorc  rundui;  is  insullcd  eximsfd  on  thecetling. 
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351.  Cost  of  Wiring  High-grade  Old  Buildings.  — Pric 
charged  the  customer  by  the  Commonwealth  Edison  Co.,  Chk 
From  Dataf  November,  191.1.  The  prices  are  for  lamp  out 
in  high-class  apartments  and  medium-sized  residences  with 
wood  finish  throughout,  renting  for  $50.00  per  month.  Prices i\ 
fixtures  not  included.  Prices  of  wiring  for  switches  and  receptacle*  IB 
from  352  must  be  added.  Prices  are  based  on  concealed  fleribb  }*• 
conduit  work  in  buildings  with  a  hardwood  floor  over  one  of  pintf 


Cost 

Lights 

Cost             n 

Lights 

Class  "C" 

Class  "D" 

Class  "C" 

Class  "D"  1 

building 

building 

building 

building    | 

2  floors 

3  floors 

2  floors 

3  floors     1 

10 

$  75-00 

• 

$  88.00 

36 

$161.00 

$182.00     1 

11 

78.00 

91.00 

37 

166.00 

189.00     1 

12 

81.00 

94.00 

38 

169.50 

19350     1 

13 

80.00 

99.00 

39 

17300 

198.00     I 

14 

92.00 

102.00 

40 

176.50 

202.50 

15 

9500 

105.00 

41 

180.00 

207.00 

16 

98.00 

108.00 

42 

183.00 

211. oq 

17 

101.00 

1 1 1 . 00 

43 

186.00 

215.00 

18 

104.00 

114.00 

44 

189.00 

219.00 

IQ 

107.00 

117.00 

4I 

192.00 

223.00 

20 

110.00 

120.00 

46 

X05.00 

aa7.oo 

21 

11300 

123.50 

47 

198.00 

231.00 

22 

116.00 

127.00 

48 

201.00 

235.00 

23 

119.00 

130.50 

49 

206.00 

242.00 

24 

121.00 

134- 00 

50 

210.00 

246 . 50 

25 

126.00 

141.00 

51 

214.00 

351.00 

26 

129.50 

14500 

52 

218.00 

25550 

27 

13300 

149.00 

53 

222.00 

260.00 

28 

136.50 

15300 

54 

226.00 

264.50 
268.50 

29 

140.00 

157  00 

55 

229.50 

30 

143.00 

161.00 

56 

233.00 

273.50 

31 

146.00 

164.50 

57 

236.50 

276.50 

32 

149.00 

168.00 

58 

240 . 00 

280.50 

33 

152.00 

17150 

59 

24350 

284 . 50 

34 

15500 

17500 

60 

247.00 

288.50 

35 

158.00 

178.50 

1 

352.  Cost  of  Wiring  Old  Buildings — Switch  Outlets, 
Switches  and  Extras. — The  following  prices  to  the  cus- 
tomer are  those  of  the  Commonwealth  Edison  Co.,  Chicago  (Data, 
Nov.,  1911)  and  are  to  be  added  to  the  price  given  for  outlets  in 
the  three  preceding  tables.  Wiring  is  concealed  and  in  flexible 
conduit. 


Cost  of  wiring  for  switch  outlets 


Class 

A 

B 

C 

D        1         E 

Single  pole 

3-way 

$3.00     1     $3-50     1     $4.25     I     $4-50     1     $2.50 
4.5O      \        S.00     \        VIS    \       ti.Wi     \       *..<** 

.\ .                 \           .. 

In  addition  to  the  above  prices  lor  -mting,  %V\tc\ve&,  ^vCvna^  <S*v«a 
switches,  etc.,  will  be  as  follows: 


(t»  canopy  cord"  and  sodlet     i .  oo 

(S3-     Cost  of  Knob -and -Tube  and  Conduit  Work. — Work  done 

St.  Paul,  Minn.      Costs  are  those  to  the  Cl 

ft-  work.      (Electrical  World,  Jan.  28,  1909.) 


Knob-and-tube 

Iron  conduit 

Number 

Total  cost 

Cost  per 

Total  coat 

Cost  per 
outlet 

• 

11 

$247. OO 
13°: 00 

J1.06 
1.84 

Jw.oo 
24^00 

Si-Si 

Average  e 
per  o 


t  of  conduit  above   knob-and-tube   work  is 

354.  A  day's  work  for  a  wireman  and  helper  in  erecting  mold- 
j,  on  surfaces  where  holes  must  be  drilled  and  plugged  to  sup- 
rt  it,  is  the  running  of  100  ft.  (Auerbacher). 

355.  The  division  of  cost  of  a  conduit  job  will  be  approximately 
follows:    Labor,  40  per  cent.;  conduit,  22  per  cent.;  wire,  18 

r  cent,  and  incidentals,  switches,  outlets,  etc.,  20  per  cent. 
■IcclritJ  World). 

356.  Cost  of  double  -braided  rubber-insulated  wire  in  place 
conduit     (Nelson   S.    Thompson,     F-lcclrical    World,    Sept.    9, 

Li.)     Costs  do  not  include  conduit. 


iie  A.W.G. 

Cost  per  1,000  ft. 

Size  A.W.G. 
ft  cir.  mils 

c,  „,.«.«. 

,,M 

Stranded 

U 

JlS.OO 

£ 

tltS 

ft 

randad 

217   00 

8 

6 

8:3 

SI 
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!;;:;:; 


i 

3: 


358.    Cost  of  Conduit  Elbows  in  Place 


is  £ 


„      Estimating  Costs  of  Conduit  Installations.     The  Tie: 
Department  of  (he  t'r.iinl  Slatei  uses  the  following  methods  16 
values  for  computing  the  costs  of  conduit  wiring  in  federal  build- 
ings.    (Ndson  S,    Thompson,   Electrical   World,    Sept.   0,   191  u    ( 
The  figures  are  fur  high  grade  work  in  fire-proof  buildings.    Th    Jti 
material   is  taken  off  accurately  from  the  drawings.     The  toll!   ;pi 
amounts  of  conduit  and  wire  arc  the  lengths  scaled  from  the  rJm    -,i; 
plus  the  following:     Number  of  ceiling  outletsX2  ft.;  number  & 
bracket  outletsX  10  ft.;  number  of  switch  outletsX  10  ft.;  numbs 
of  ki.si-board  oullctsX4  ft.;  number  of  two-gang  swifchesXij  it. 
and  number  of  three-gang  swilchcsXuo  ft.     Table  357  shows  lit 
cost  of  conduit  in  place.     For  the  cost  of  underground  k 


should  be  added  l.i.  the  tabulated  values. 

The  cost  of  all  kinds  of  outlet  buses  in  place  Is  25  cents  each  in 
new  buildings  and  is  50  cents  in  old  buildings  where  plaster  must  I 
be  repaired.  The  cost  of  large  junction  boxes  in  place  is  5  cents 
per  pound.  Plug  receptacles  in  place  cost  81.30  each.  Single 
pole  snap  switches  in  place  cost  $1  each.  Fixture  studs  cost  i 
cents  each  in  place;  outlet  bu^hinKS  5  cents  each  in  place;  lort- 
nuts  1  cent  each  in  place.  One  should  estimate  3  bushings  and  s 
lock-nuts  per  outlet. 

The  average  total  cost  of  li^btin^  systems  complete  in  place  in 
eastern  sections  of  the. own  try  is  about  $12  per  outlet;  in  the 
West  and  South  the  cost  will  be  about  $15  per  outlet,  and  in  the 
extreme  West  the  cost  per  outlet  will  be  $20.  The  number  of 
outlets  upon  which  these  lienres  are  based  docs  not  include  switch 
outlets,  but  only  the  actual  lamp  outlets.  In  old  buildings  the 
cost  of  the  conduit  and  wiring  work  is  (20  to  $2$  per  outlet  and 
$30  in  the  extreme  West. 

360.  Miscellaneous  wiring  costs  for  first  class  conduit  work 
in  fire-proof  buildings.  (Nelson  S.  Thompson,  Electrical  World, 
Sept.  o,  1911.)  Busbars  for  switchboards,  in  place  50  cents  pet 
pound;  structural  steel  work,  in  plan1,  for  switchboards,  10  cenls 
per  pound;  blue  Vermont  martAe,  1  in,  \Mw3l,  %i  \>m  fraax*  6m* 
slate  panels,  i{  in.  thick,  $Q  cents  per  a^uase  \qoV-,  &c8iH 
slate  and  marble,  25  cents  each-,  \a.Wi  cm.  wixc&aaax&. 
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lop,  $25,  and  on  the  job,  Si;  each;  tablets  and  cabinets,  complete 
i  place,  85  per  switch,  Une  should  ascertain  it'  possible  the  actual 
>st  of  cabinets  and  tablets  and  add  Si  per  circuit  for  installation, 
tandard  floor  outlet  bo\es  (such  as  arc  used  hi  Lnitcd  Slates 
deral  buildings)  cost  5s  each  in  jilrn  1.';  telephone  cabinets  in  place 
■uch  as  are  vised  in  federal  buildings!  tost  S;o  each. 
Motor  connections,  5  h.p.  and  under,  $2  pec  horse-power; 
lotoc  connections,  10  h.p.  up,  $r  per  horse-power;  freight  and 
rayage,  3  per  cent,  of  total  tost  oE  material  and  labor;  railroad 
ire,  depending  on  location  of  the  Job;  board  and  lodging,  depend- 
ig  on  location  of  the  job;  superintendence,  1  per  cent,  of  total 
»st  of  materials  and  labor,  and  profit,  20  per  cent,  of  total  cost  of 
taterials  and  labor. 

ELECTRIC  SIGN  WIRING 

361.  Methods  of  Wiring  Electric  Signs  [Data  on  FJertric  Sign', 
"he  National  Lleilric  Light  Association). — Lamps  burning  in 
Multiple  may  be  connected  either  two-wire  or  three- wire,  as  shown 
l  Fig.  258.  In  series  wiring,  lamps  may  be  connected  either  in 
traight  series  or  multiple-series,  as  shown.     Where  transformers 


Mote  r-Dfa$rarn  C  for  a/femafing 


see  section  on  Transformers  for  information  on  sign  transformers) 
re  used  to  obtain  low  voltage,  lamps  may  be  connected  either 
wo-wire  or  three-wire  as  in  standard  multiple  wiling,  the  trans- 
ormer  reducing  the  voltage  from  the  regular  no- or  220-voIt 
ircuils  to  the  voltage  required  by  the  lamp.  The  ordinary 
nultiple  wiring  Can  be  changed  to  straight  series  wiring  by  merely 
lipping  the  alternate  connections  between  lamps  (Fig.  259). 
In  a  iarge  sign  any  combination  of  series  or  multiple-series 
nay  be  used.  With  straight  scries  wiring,  should  one  lamp  in 
he  series  burn  out,  all  the  lamps  in  that  aerifia  V\<4.  \it  n\i\..  W 
he  lamps  are  connected  in  multiple-series,  the  ViWixe  (A  cmfi>\aass% 
jes  not  cause  any  of  the  other  lamps  to  go  ouX.    \\.o-««Mec,-ea«.' 
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should  be  not  less  than  eight  to  ten  lamps  in  each  multiple; 
or  the  failure  of  one  lamp  will  cause  too  much  current  to 
through  the  other  lamps  of  the  same  group,  thus  shortening 
lives. 

362.    Sockets  for  Electric  Signs. — Any  standard  weather-] 
socket  manufactured  for  sign  use  is  satisfactory  providing  it  1 
been  approved  by  the  Underwriters  and  has  been  shown 
thoroughly  weather-proof.    A  socket  with  an  extending ; 
cap  which  protects  the  base  of  the  lamp  from  water  is 

Connections  cut between  /amps— w         Lamps, 

Fig.  259. — Method  of  changing  sign  wiring  from  multiple  to  series 

in  that  it  gives  a  longer  life  to  the  lamp.     A  removable 
shell  is  desirable  inasmuch  as  there  is  a  certain  amount  of 
from  the  taking  of  the  lamps  out  of  the  sign  for  cleaning  or 
ing,  and  as  the  workmen  are  in  the  air,  they  cannot  be  as 
as  they  would  be  under  ordinary  conditions  and  the  copper! 
is  often  torn.    If  the  copper  shell  cannot  be  removed  from 
front  of  the  socket,  it  is  necessary  to  open  up  the  sign  to  make  1 
pairs,  while  if  the  shell  can  be  removed,  a  new  one  can  be  pot  i 
at  small  expense. 

^y  Direction  ot 
"  "~vx  Rotation 
Brysh^  n       *-. 


•  Insulating  Blook ' ' 
Revolving  Cam 

Sectional  EndYiew 

Smkh'-T\ 
Supply  Circuit  —* 
Plan  and  Wiring  Diagram  ' 

Fig.  260. — The  elementary  sign  flasher.  1 

4 

363.  The  principle  of  the  sign  flasher  is  illustrated  in  Fig.  rfj 
Cams  or  a  drum  are  mounted  on  a  shaft  that  is  rotated  by  a  sam 
electric  motor.  The  circumferences  of  the  cams  or  of  the  dnu< 
are  so  cut  that,  in  the  brush-type  flashers,  the  brushes  will  make 
contact  only  during  certain  predetermined  portions  of  a  revoh" 
tion  and  thereby  complete  the  electric  circuit  through  the  9gl 
lamps  only  during  that  period.  In  the  carbon-type  flashers  tij 
cams,  instead  of  carrying  cunex\.\.  axA  mto%  «svd  breaking* 
contacts  directly,  operate  to  open.  «a&  &<«*  «3ft*»^RMfc.>fl* 
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which  control  the  sign  lamps.  The  possible  variations 
tBDgement  of  cams  and  drums  for  producing  different  effects 
most  numberless. 

—  Current  Carrying  Capacities  of  Flashers. — Double-pole 
KS  are  made  in  four  sizes  that  will  carry  respectively  15,  30, 
60  amp.  per  switch.  Single-pole  carbon  flashers  are  made 
Will  carry  5  amp.  per  switch.  Brush  type  flashers  are  rated 
ttn  2  to  5  amp.  on  each  brush  and  are  not  reliable  for  greater 
Gktft.  Non-carbon,  double-pole-switch  flashers  are  made  for 
ats  of  15  amp.  and  greater  but  it  is  claimed  by  some  manufac- 
%■  that  15  amp: -should  be  the  maximum  because  no  knife  switch 
ttccessfully  break  greater  currents  continuously. 
$m  Wiring  and  Installing  Brush  Type  Flasher. — Fig.  261 
ft  the  wiring  for  a  sign  for  "spelling"  out.    The  neutral  wire 


S&n  \ 


rushes 


f'tieu+ral,foSJgn 


...Switch 


%*fc$no  Volfs = ZZ0  Yolis 
Pig.  261. — Wiring  of  three- wire  brush-type  flasher. 

me  main  on  a  two-wire  system)  runs  direct  to  the  sign  through 
mstomary  cut-outs,  and  the  outside  "legs"  (or  remaining  main 
two- wire  system)  run  to  the  flasher  as  a  common  feed.  From 
lasher  one  wire  is  run  to  each  individual  letter  through  the 
>mary  cut-outs.  In  the  case  of  a  double  face  sign,  two  like 
rs  can  be  connected  in  multiple  and  regarded  as  one  circuit, 
ided  the  load  which  one  switch  of  the  flasher  is  designed  to 
f  is  not  exceeded. 

ways  install  so  that  the  copper  brushes  are  at  the  front  of 
flasher.  Follow  the  general  installation  directions  given  for 
on  flashers  in  another  paragraph. 

6.    Wiring  diagrams  for  carbon  sign  flashers  (Reynolds  Dull 
Mar  Co,,  Chicago)  are  given  in  Fig.    262.    \Xtsies&  oXktvwNafe 
ied  flashers  are  furnished  requiring  a  wiring  aiiaxi%txaEoX.\^a> j 


" 
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that  at  ///.     The  loail  is  balanced  by  running  the  neutral 
the  machine,  to  the  cut-outs,  breaking  only  the  outside 
on  a  220-1  10-volt  system.     While  this  method  of  wiring  is 
feasible,  is  no  harder  on  the  contacts,  and  permits  the 
cheaper  flasher,  it  is  technically  a  violation  of  the  ii 

which  specify  that  all  circuits  of  more  than  f)6o  \ 

broken  double  pole.  If  the  load  is  absolutely  balanced,  it 
break  double  pole  at  220  volts,  and  the  lamps  would  be  in 
but  if  the  load  is  not  exactly  balanced  there  would  be  sing 
breaking.  In  other  words,  it  is  a  double  break  and  again  it 
according  to  circumstances.  The  use  of  this  machine  wired 
way  should  be  taken  up  with  the  local  inspector.  If  he  is  d' 
to  take  a  broad  view  of  the  matter  he  will  undoubtedly 


US 

Two-Wire  Sydeni         Ona  Three   ' 


III*** 


its  use,  as  it  is  just  as  safe  as  any  other  way,  but  if  he  should  In' 
sist  on  an  absolute  observance  of  the  code,  it  is  probable  that  ht 
would  not  permit  it. 

367.  In  installing  and  wiring  a  carbon  flasher  (Reynolds  Dull 
Flasher  Co.,  Chicago)  run  the  mains  to  the  upper  bridge  of  die 
flasher,  and  run  the  sub-mains  to  the  sign  and  to  the  terminals  nil 
the  base  of  the  machine.  The  sub-mains  arc  divided  into  thesnuil  I 
circuits  either  in  the  sign  or  as  close  thereto  as  possible  to  save 
the  cost  of  wiring.  Each  smult  circuit  iiiln  which  the  sub-mainsart 
divided  should  be  protected  with  fuses  and  some  inspectors  may 
require  that  the  sub-nialns  also  be  protected  with  fuses  where 
they  leave  the  flasher. 

Place  the  flasher  on  a  wood  shelf,  15  in.  wide  and  10  in.  longer 

tian  the  slate  base,  in  such  manner  that  the  carbons  are  in  the 

front,  the  motor  at  the  kit  witri  t\\e  cnmrtvivaXOT  svie  \a  VJaeAisst. 

The  shell  should  be  covered  v.'vd\  asbestos  a&iii  ft*n- 

in  a  basement  or  out  of  sigb-t,  covet  is.  -aivn  a-o.  v™  - 
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1  in  plain  view,  if  should  lie  covered  with  a  glass 
s  through  bushings  in  the  shelf  close  to  the  base 
.he  machine. 

Do  not  screw  either  flasher  or  motor  down  tight  but  leave  an 
hth  of  an  inch  clearance  under  the  heads  of  the  screws.  The 
•  of  a  show  window,  a  board  partition,  or  anything  that,  acts  as 
cunding  board  will  increase  the  noise  three-fold  and  when  it  is 
ressary  to  install  in  such  places,  arrange  an  c.ura  set  of  rubbers 
der  the  shelf  also. 

368.  Some  "Dont's"  to  Observe  in  Installing  Sign  Flashers 
cynolds  Dull  Flasher  Co.). — Don't  start  the  flasher  without  ex- 
lining  it  for  damage  in  transit.  Give  a  few  turns  by  hand  and 
;  that  everything  works  perfectly  free  and  easy  and  that  the 
ides  fit  into  the  forks  properly. 

Don't  install  the  flasher  in  the  bottom  of  a  box  where  it  is  not 

cessible.     Place  it  on  a  shelf,  run  the  wires  down  through  the 

elf  close  to  the  base  and  turn  a  cover  upside  down  over  it. 

Don't  install  hind-side  foremost.     The  carbons  should  always  be 

the  front. 

Don't  run  with  a  tight  belt.     Practically  no  power  is  required. 

in  the  belt  just  as  loose  as  it  will  slay  on. 

Don't  run  your  flasher  backward.    Looting  at  it  from  the  switch 

ie,  the  main  shaft  should  run  from  you  on  the  top. 

Don't  run  the  flasher  over  ten  revolutions  per  minute  nor  less 

Don't  fail  to  instruct  your  customer  about  oiling. 
Don't  connect  up  a  carbon  machine  single  pole. 
Don't  overload  any  switch  on  a  flasher. 

369.  Wiring  for  the  so-called  "high-speed"  effects  (Reynolds 
til  Flasher  Co.,  Chicago)  such  as  running  fountains,  rising  smoke, 


nes,  traveling  borders  and  revolving  wheels  are  wired  as  indicated 
Fig.  263.  The  diagram  at  /  is  for  the  effect  where  the  sign 
ips  are  in  a  single  line  and  the  same  general  arrangement  is 
d  for  a  traveling  border.  For  <i  tount&ui  eftws.  tiMw&utt  ■&» 
ps  at  the  beginning  of  each  stream  a.vid  so  cotivmvys  \s>  'Cft.t  *»5v 
le  stream  and  where  several  streams  run  putaStA  aSc  ■ObrNsssss.'S!* 
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in  one  horizontal  row  can  be  connected  to  the  same  branch  as  thoufl 
they  were  one  lamp.  Traveling  borders  on  an  ordinary  3  ft.Xiofi 
sign  should  have  lumps  spaced  about  6  in.  apart.  In  a  founui 
15  ft.  high  the  lamps  should  be  about  g  in.  apart.  Fig.  2d},  II 
shows  the  wiring  diagram  for  smoke,  llamc,  steam,  dust  and  1 
ning  water  effects.  Avoid  a  "straight -arrows"  arrangement 
lamps  as  the  resulting  effect  will  he  unnatural. 

370.  The  wiring  for  a  flashing  illuminated  sign,  that 
painted  sign  which  is  -tu>i's-ive!y  illuminated  (by  lamps  1 
in  a  reflector  trough  above  it)  and  darkened  by  the  lamp; 
extinguished  is  shown  in  Fig.  264.  Lamps  should  be  16  c 
mounted  not  more  than  12  in.  apart  in  the  reflector  which  ; 
preferably  be  of  the  silver  backed  type.  For  flashing  in 
but  three  can  be  used,  namely:  red,  clear  and  amber.  Other 
such  as  green,  b'ue,  etc.,  are  too  dense  to  produce  a  good  effe 
little  light  will  throw  down  more  than  8  ft.  A  carbon  type 
should  be  used. 
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/■nee  Balls. — Hinge  bolts  shall  be  provided  with  lot!  nuts  or  split  pins. 
iuihints  aid  Collan. — Swaying  sign*  dull  be  attained  la  their  una  by 

;.:■-:■..■.■■ 

iiur.  A  bearing  for  these  aluminum-lined  collars  shall  be  placed 
3D  the  crane,  and  shall  consist  of  solid  aluminnrn  collars  with  flanges  at  one 
1.  The  aluminum  collars  snail  be  placed  cpon  the  crane  with  the  tin- 
aged  ends  facing  each  other,  and  shall  be  rigidly  attached  to  the  crane  and 
; -.inum-lined  iron  collars  shall  have  a  snug  fit,  bat 
free  enough  to  permit  the  sign  to  oscillate. 

;>o!3  Plaits. — Cross  plates  to  which  guy  lint*  are  attached  shall  be  bolted 
the  sign  with  two  short,  song  fitting  bolts,  which  shall  be  riveted  over  after 
These  b  ■  ■:-  to  support  the  sign  with- 


■  '..:■■  :■■■  ■■-  .■  :■..."  '  . 
n.  The  plates  shall  he  (a*  such  a  width  that  the  distance  between  bolt» 
ill  not  be  less  than  one-third  Hie  distance  between  the  holes  where  the  guy 
es  ate  attached. 

Fad  Wires.— Swaying  signs  supported  from  a 
id  wires  between  building  and  sign.  Feed  wirea 
i  crane  shall  be  attached  to  insulated  support 
d  from  this  support  connect  to  the  sign  with  a  drip  loop  extending  J  in- 
law the  sign  outlet.  Wherever  feed  wires  pass  through  an  iron  plate  or 
side  of  an  iron  pipe  the  opening  shall  be  protected  by  a  porcelain 


ELECTRIC  HEATING  DEVICE  INSTALLATION 

372.  Special  outlets  for  beating  devices  are  frequently  re- 
tired. Outlet  plates,  similar  to  that  of  Fig.  265,  provided  with 
eeplade,  switch  and  indicating  lamp  socket  are  regularly  manu- 
ctured  for  currents  as  great  as  2 
ive  a  maximum  rating  of  6  amp. 
iy  sockets  have  a  maximum  rating 
i  al  amp.  Standard  separable  ,  BvltSJrt_ 
ttachment  plugs  are  approved  for 
5o  watts  at  250  volts,  or  10  amp. 
B  a  1 10-volt  circuit.  Where  ordi- 
iry  key  sockets  are  used  for 
iritching  on  and  off  heating  de- 
ices  they  soon  wear  out  under  the 
clion  of  the  arcs  formed  in  break- 


=0 


I 


K  the  relatively  heavy  currents         Flc   ;Cj._lndicating.  lMkU 
nap    or    knife    switches    should  receptacle. 

hays   be   used   for  heating  de- 
ices.     Specially  constructed,  asbestos-covered,  flexible  cords  are 
ftciEed  for  all  heating  devices  requiring  more  than  250  watts. 
373.    An  approximate  rule  for  the  wattage  of  an  electric  heater 
1  heat  a  room  is  to  allow  ij  watts  of  heater  input  {maximum) 
X  cubic  foot  of  air  space  for  shops,  factories,  halls,  churches  and 
ntral  stations  and  2  watts  per  cubic  foot  of  air  space  for  average 
Jms.     The  direction  of  exposure,  the  number  (A  ■wmfam*.  axA 
e  quality  of  building  construction,  and  otter  Xhrnvj,^,  *XvW**, 
>enring  on  the  waller  so  the  values  given  are  a.pynw™aS»  offl 
ai-eratre  conditions  ol  building  and  climate. 
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374.    Power  and  Current  Taken  by  Heating  Devices  (Electrical 

Solicitor's  Handbook) 
Domestic  devices 


Device 


Watts 
consumed 


Broilers,  3  ht 

Chafing  dishes,  3  ht 

Cigar  lighters 

Coffee  percolators  for  6-in.  stove. 


Corn  poppers 

Curling-iron  heaters 

Double  boilers  for  6-in.,  3  ht.  stove. 

Flatiron  (domestic  size) ,  3  lb 

Flatiron  (domestic  size),  s  lb 


Flatiron  (domestic  size),  6  lb.. . 
Flatiron  (domestic  size),  7.5  lb. 
Flatiron  (domestic  size),  9  lb.. . 
Frying  kettles,  8  in.  diameter. . 


Griddle-cake  cookers,  9  in.  by  12  in.,  3  ht. . 
Griddle-cake  cookers,  12  in.  by  18  in.,  3  ht. 

Heating  pads 

Instantaneous  flow  water  heaters 


Nursery  milk  warmers. 

Ovens 

Plate  warmers 

Radiators 


Ranges:  3  heats,  4  to  6  peoole. .  . 
Ranges:  3  heats,  6  to  12  people. . 
Ranges:  3  heats,  12  to  20  people. 

Shaving  mugs 

Stoves  (plain),  4.5  in.,  3  ht 

Stoves  (plain),  6  in.,  3  ht; 


300  to  1,200 
200  to  500 

75 
100  to  440 

300 
60 
100  to  440 

27s 

400 

475 
540 
610 
825 

330  to  880 
500  to  1,500 

50 

2,000 

450 

1,200  to  1,500 
300 
700  to  6,000 

1,000  to  4,515 
1,100  to  5.250 

2,000    tO    7,200 

150 

50    tO    220 

100  to   440 


Amperes 
taken  at 
no  volts 


2.7  to  10.9 

1.8  to    4.6 

0.7 
0.9  to    4.0 

2.7 

0.6 

0.9  to  4.0 

2.5 

3.6 

4-3 

5-6 
7-5 

3.0  to  8.0 

4.6  to  13.7 

0.5 
18.2 

• 
4.1 
10.9  to  13.7 

2.7 

6.4  to  5*5 

9.1  to  40.1 
10. o  to  47.5 
18.2  to  65-5 

1.4 
o . 5  to  2.0 
0.9  to  4.0 


Commercial  devices 


Annealing  furnaces 

Bar  or  barber's  urns,  1  to  5  gals. 
Baker's  ovens,  30  to  80  loaves.  . 
Cigar  lighting 


3  ht. 


Dental  furnaces 

Glue  pots 

Hat  irons  (small) 

Hatter's  iron,  9  to  15  lb. 
Instrument  sterilizers. . . 


Laboratory  apparatus  flask  heaters. 

Machine  irons,  12  to  18  lb 

Pitch  kettles,  12  and  15  in.,  3  ht. .  . 

Polishing  irons,  3.5  to  5.5  lb 

Radiators  (various  sizes) 


Sealing-wax  pots,  0.5  and  1.5  pt. 

Shoe  irons 

Soldering  irons  (various  sizes) . . . 
Soldering  pots,  4  to  10  lb.  capacity 

Tailor's  iron,  12  to  25  lb 

Vulcanizers  for  automobile  tires. 


200 

200  to  1,700 

6,000  to  10,000 

75 

450 
no  to  880 

200 

450 
350  to  500 

500 

770 
300  to  1,500 
330  to  450 
700  to  6,000 

175  to  300 
200 

100  to  450 
200  \o  ^\o 
dfco  \.o  S&o 

T.OO   XO    ^O 


1  .8 
1.8  to  15. 5 
54.5  tO9i.0 
7 

4.1 
1 .  o  to  8.0 

1.8 

4.1 
3.2  to  4.6 

4.6 

7.0 

2.7  to  13.7 
3 .  o  to  4.0 
6.4  to  54.6 

1 . 6  to  2.7 
1.8 
1.8 

t>  .<*  \*>  ^  .** 
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.75-  Luminous  radiators  or  air  heaters,  which  arc  sometimes 
called  con  vectors,  can  be  used  for  room  testing.  From  the  stand- 
point of  energy  utilization  a  heater  of  one  type  is  as  efficient  ar  " 
heater  as  the  other  since  in  any  electrical  healing  device  all  of  t 
electrical  energy  put  into  it  is  transformed  into  heat.  Luminous 
radiators,  which  throw  off  radiant  heat,  are  suitable  for  quickly 
warming  any  portion  of  one's  body.  The  radiant  heat  rays  will 
warm  only  a  material  which  is  opaque  to  them.  They  pass  I  hroujrh 
sir  without  heating  it  and  arc  not  affected  by  air  currents.  They 
may  heat  air  indirectly  by  heating  objects  in  contact  with  air, 
the  objects  transmitting  the  heat  to  the  air.  As  a  general  propo- 
sition luminous  radiators  arc  not  suitable  for  warming  large  spaces. 
Air  heaters  or  convectors  heat  the  air  passing  over  the  heated 
surfaces  of  the  convector.  Convectors  should  be  so  arranged 
that  there  is  an  olKvtivc  cirniliition  of  air  through  and  around 
them.  A  single,  larjje  capacity  heater  in  a  room  will  not  heat  il 
as  effectively  as  several  small  capacity  heaters  having  the  sami 
aggregate  capacity.  Heaters  should  be  preferably  placed  undei 
3r  near  windows. 

376.  To  estimate  the  wattage  of  an  electric  heater  to  heat  a 
room  the  following  uppo>:dm;ili'  formula  has  been  used.  It  is 
based  on  the  assumption  that  the  Inside  temperature  is  to  be  70 
dcg.  fahr.  and  the  outside  temperature  is  about  12  deg.  fahr.  below 

Watts  required  =  5.J+5oie +0.5,4 
Wherein,  5=  sq.  ft.  of  wall  surface  exposed  exclusive  of 
Surface,  W=  sq.  ft.  of  window  or  class  surface  exposed,  3 
cu.  ft.  of  air  space  in  the  room.  Where  the  inside  and 
temperatures  vary  much  from  those  above  assumed,  the 
required  will  be  <'appn>\imulLly  I  correspondingly  more  Ot 
proportion  to  the  difference  between  the  inside  and 
temperatures. 


w, 


outside 
wattage 


d  of  supporting  the  conducting  cord  of  an  elec- 
trically heated  iron    (lilectrica!    WiirUl.   May   4,  K^i1)  is.  *>s™"»- >»■ 
Fig.  166.     The  spring  h  fastened  with  an  "S"  hook.  ^WftYistj  «fe T| 
to  a  porcelain  insulator  which  is  arranged  to  &\\ilc  VaA.  ■MvoAotWi 
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As  the  iron  is  pushed  to  and  fro  the  porcelaii 
lator  follows  its  movements  and.as  the  spring  will  stretch,! 
can  be  done  over  a  considerable  area.  The  conducting  cord  is 
supported  well  out  of  the  way  of  the  operator.  Spiral  springs 
are  usually  furnished  by  the 
manufacturers  with  :ill  sadiruni. 
The  iron  wire  is  made  up  in  i 
screw  eye,  inserted  in  the  wall  at 
one  end  and  into  one  eye  of  i 
small  turnbuckle  at  the  other  end 
which  provides  moans  for  keeping 
the  wire  tight.  The  hook  end  of 
the  turnbuckle  engages  with  a 
screw  eye  inserted  in  the  wall 
It  is  well  to  arrange  the  iron  wire 
somewhat  to  the  rear  of  the  line 
along  which  the  iron  will  be 
used.  This  is  done  to  prevent 
the  cord  from  striking  the  hand 
of  the  ironer. 

378.  A  method  of  wiring  at 
electric  iron  is  shown  in  Figs.  ?M 
and  168.  An  incandescent  lapip 
of  small  candle-power  is  con- 
t  to  the  iron  on  the  iron  side  of  the 
s  the  switch  is  closed  and  the  iron 
;e  the  lamp  will  glow  and  indicate 
the  fact  that  the  iron  is  "alive."  This  device  not  only  tends  to 
make  the  operator  careful  in  his  use  of  energy,  but  it  assists  tn 
preventing  the  fires  that  are  sometimes  caused  by  an  electric  iron 
being  left  on  a  wooden  ironing  board  while  connected  to  a  supplj 

WIRING  OLD  BUILDINGS 

370.  Information  on  Wiring  Old  Buildings. — The  information 
herein  given  on  this  subject  is  taken,  for  the  most  part,  from  a 
paper  "The  Wiring  of  Old  Houses"  read  before  the  Pennsylvania 
Electric  Association  Convention,  Bedford  Springs,  Pa.,  Sept.  3, 
1012,  by  Howard  II.  Wood  of  the  Allegheny  County  Light 
Company. 

380.  In  laying  out  old  house  wiring  installations,  the  first 
things  to  be  considered  are  the  location  of  the  meter  and  the  tablet  ' 
board,  and  the  point  where  the  wires  arc  to  enter.  The  meter 
loop  should  generally  be  located  in  either  the  kitchen,  pantry  or 
cellar.  In  the  smaller  houses,  the  tablet  board  should  be  located 
near  the  meter,  and  in  the  larger  houses,  where  there  are  a  number 
of  branch  circuits.  ;it  the  ccm  rui  poini  of  distribution,  i.e.,  at  some 
point  on  the  second  floor,  preferably  the  hall.  The  point  of  entry 
should  be  located  with,  reference  to  the  accessibility  of  the  service 


Pic.  job.— 


nected  across  the  branch  c 
double-pole  switch.  So  lot 
connected  to  the  supply  s 


381.     Typical  Wiring  Plan  0!  an  OV4  BuMums,.— ¥\?,.  i<x»  * 
he  routes  taken  by  tie  wires,  to  cnanceYiets  a.ncv  «™vt.&«s,,"< 
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;alls  and  under  floors.     The  point  of  entry  for  the  mains  in  this  c 
i  ihe  kitchen,  on  the  outer  wall  of  which  is  located  the  main  switch, 
he  fuse  block,  and  the  meter.     The  connected  load  being  less  than 


160  watts,  or  the  equivalent  of  12  lamp  outlets,  o 

-pole  switches  are  s^iovjiv,  as  '_     , 

istallations  where  coro-VuuWAQri  ¥,■&&  ■»!&■  ™>MR 
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fixtures  are  used.     Single-pole  switches,  installed  in  accordance] 
with  Code  rules,  are  practically  as  good  for  the  average  mstalktmltt 
The  methods  of  carrying  conductors  to  single-pole  switches  will  bilk: 
obvious  from  a  study  of  the  illustration.  ' 

The  dotted  lines  show  the  flooring  boards  taken  up  on  the  second! 
floor,  and  the  fixture  and  switch  locations  on  the  first  floor  ne' 
indicated.     The  switch  locations  are  within  easy  fishing  distanet 

The  flooring  boards  are  removed  on  the  second  floor  in  such  to*, 
tions  as  to  pass  under  one  partition  only,  and  with  regard  to  acce»l 
bility  of  the  outlet  and  switch  openings  below. 

In  many  houses  of  the  type  shown,  the  space  between  roof  audi 
second  floor  ceiling  is  sealed,  in  which  case  a  hole  is  cut  in  the] 
ceiling  of  a  closet,  and  the  opening  is  provided  with  a  trap  door. 
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H    Extension  Bit  Holder 
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Shank 


Wood 
M  eth  o  d  of  Fa  stn  i  n  cj    Plug 

Bit  in  Pipe 


EC     Floor  Chisels 

Fig.  270. — Tools  used  in  wiring  old  buildings. 

382.  Special  Tools  Used  in  Wiling  Old  Buildings.  (See  Fig 
270.)  (a)  Pipe  Extension  Bit. — Used  to  drill  through  cross  piece 
or  headers  in  a  partition  where  it  is  impossible  to  get  over  or  unde 
them,  as  from  the  cellar  up,  and  from  the  third  floor  down.  .J 
2-in.  bit  is  used,  making  a  hole  large  enough  to  take  four  pieces  0 
flexible  tubing.  Cases  are  known  where  boring  has  been  doa 
from  the  cellar  to  the  third  floor  successfully,  although  th 
necessity  for  this  is  very  rare.  Fig.  271  illustrates  the  applicatioi 
of  this  device.  A  bit  brace  ca.T\.\ie  Mse&  tot  Vocraas^^at  if  the  spao 
is  restricted  a  pipe  wrench,  cati\ie\xse&. 
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(ft)  Floor  Saw. — Used  in  remuvitij;  fJor>nnK  boards,  made  short 
enough  so  that  il  cannot  be  pushed  Minni.^ii  the  plaster  of  the  ceiling 
Iid;>w.  Tin-  blade  is  I  in.  wide  at  the  point  and  approximately 
8  in.  long  with  a  handle  r-imilar  to  a  key  hole  saw. 

It)  Floor  Chisels. — Used  in  removing  the  lloormg  I;  i.irds.  The 
chisels  are  from  i ;  I"  i.\  in.  long  and  2  in.  wide  at  the  point. 

(if)  Extension  Bit  Holder. — Used  in  a  bit  brace  for  drilling  bole* 
in  joist.  They  are  J  to  3  ft.  long,  and  enable  wlreinan  to  drill 
holes  in  a  recess,  or  in  places  where  a  limy,  bit  would  be  needed. 
By  coupling  two  <d  the  holders 
together,  the  wireman  can  drill 
circuit  holes  in  joist  while  stand- 
ing, which  renders  the  work  much 
easier,  where  then.'  are  a  number 
of  holes  to  be  drilled. 

Mouse. — Used  in  locating  cross 
pieces,  and  finding  clear  spaces 
in  partitions.  Is  made  up  of  a 
length  of  twine  with  a  piece  of 
lead  or  other  heavy  material  on 

Snake. — Used  in  fishing  wires 
through  partitions orundcr floors; 
made  of   rectangular    or    round 


&■*■—    ■  fioorSoards     Vp% 


*T  •*  -—      i    if/as  ,'.<:, iras 
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383.  Removing  Flooring  Boards.— First  a  slot  must  be  made 
in  the  seam  between  flooring  boards  of  sufficient  size  to  enable 
the  floor  saw  blade  (Fig.  :jo)  to  be  inserted.  This  is  best  done 
with  a  sharp,  narrow  chisel  having  a  Jin.  blade.  Then  the 
saw  blade  is  inserted,  and  the  tongue  at  the  junction  of  the 
flooring  boards  is  sawed  off  the  full  length  of  board  to  be  removed. 
The  wireman  can  tell  when  he  reaches  the  joist  at  which  he  wishes 
to  end  his  cut.  At  this  j.nint  the  chisel  blade  is  placed,  with  the 
flat  part  across  the  board  at  edge  of  the  joist,  and  another  small 
slot  made-  Then  the  board  is  sawed  off  even  with  the  joist,  and 
can  be  easily  removed  with  a  floor  chise\  (JFvfc.  iic>y  \0w».  fea 
board  is  repJacerf  ,1  ileal  is  naikd  to  jmsl  tYXv,-  iV-A  ^OT  ^^ 
(orest  on,  and  then  the  board  is  nailed  down,  ttt\>M.\WS«,i 
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down,  so  thai,  if  ii  is  necessary  to  get  at  the  wires  again,  it  can  be  I 
done  with  little  trouble.  When  fastening  down  the  flooring,  two 
nails  or  screws  should  be  put  in  each  joist.  When  only  one  nail 
is  used,  the  board  is  liable  to  squeak  when  walked  over.  To  insure 
a  substantial  job,  any  floor  board  that  is  removed  should  be  long 
enough  to  bridge  at  least  two  joists. 

3S4.  Fishing  to  Center  Outlets.— A  great  deal  depends  on  the 
layout  of  the  house.  Almost  invariably  the  joists  arc  run  parallel 
to  the  street.  If  the  house  is  one  with  a  side  or  center  hall  on  the 
second  floor,  the  circuits  can  be  run  the  length  of  the  hall,  necessi- 
tating the  removal  of  two  boards  for  that  distance.  Wires  can  then 
be  fished  from  the  center  of  the  room  by  cutting  a  small  hole  at  the 
chandelier  location,  or  by  cutting  a  pocket  in  the  floor  directly 
above  the  location  of  the  outlet.  Ii  it  is  necessary  to  take  up  the 
boards  In  the  floor  at  some  distance  from  the  partitions,  anothet 
pocket  will  have  to  be  taken  up  close  10  the  partition  in  order  to 
drop  the  switch  loops,  and  to  go  through  to  the  other  side.  This  is 
necessary  when  the  hall  is  in  the  center,  with  the  rooms  to  be 
wired  on  each  side. 

If,  as  is  the  case  with  some  of  the  smaller  houses,  there  is  no  hall 
on  the  second  floor,  and  the  rooms  are  directly  in  the  rear  of  each 
other,  the  boards  can  be  taken  up  through  the  door-ways,  and  lbs 
wires  dropped  to  the  switches,  outlets,  and  to  the  tablet  board  in 
the  kitchen  very  readily.  (See  Fig.  269.)  Where  there  are  hard- 
wood floors,  the  wires  must  be  fished  from  the  center  of  the  room  to 
a  closet,  or  to  a  point  where  the  baseboard  can  be  removed,  so  as 
to  get  into  a  partition  going  either  up  or  down.  In  a  great  many 
cases,  it  is  necessary  to  drop  to  the  cellar,  and  then  come  up  again 
in  another  location  for  the  switch  loop.  Where  this  is  necessary, 
the  most  convenient  place  for  the  tablet  board  is  in  the  cedar. 

384  A.  When  plaster-of -Paris  molding  or  center  pieces  are  to  be 
drilled,  the  Syracuse  bit  is  the  best.  In  many  cases  it  is  necessary 
to  first  saw  off  the  lower  portion  of  the  center  decoration  to  pro- 
vide a  flat  surface  to  front  the  drill.  Use  very  little  pressure,  aid 
have  the  drill  very  sharp. 

385.  Wiring  for  Switch  Loops.— In  a  great  many  cases,  the 
bringing  out  of  the  switch  loops  at  nutlets  at  a  proper  distance 
from  floor  is  the  most  difficult  part  of  wiring  old  houses,  on  account 
of  the  cross  pieces  or  bridges  sometime?  found  in  partitions.  The 
method  to  be  used  must  be  determined  by  the  wireman  on  the  job, 
according  to  the  conditions  found.  Following  are  some  of  the  meth- 
ods used: 

First,  with  his  mouse,  he  finds  if  the  runway  is  clear;  if  so,  the 
rest  is  easy.  But,  if  he  finds  there  are  cross  pieces,  he  locates  their 
position  by  measurement  with  the  mouse,  and  marks  the  location 
on  the  wall.  If  the  cross  pieces  are  above  the  proper  positions 
for  the  switch,  he  will  probably  use  one  of  the  following  methods 
of  getting  around  it: 

(a)  Remove  the  door  stop  strip  from  the  frame  of  the  door- 
way- (Fig.  273),  bore  through  on  each  site  (A  fee  a<s»  vuebu rod 
cut  a  recess  in  the  inside  ol  the  liamc,  tiusn  Mi  fee  wsa-      * 
(&)  II  oa   the   second  nooi,  a-rvd  Oawe  is,  no  ^BX&tefi 
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use  a  pipe  extension  bit  (Fig.   sjo,  /), 
drilling  one  hole  large  enough  to  fish  the  switch  loop  through. 

(c)  If  the  cross  piece  is  not  too  far  above  the  proposed  location 
of  tbe  switch,  holes  can  be  drilled  on  a  slant  from  switch  opening. 

(d)  Remove  the  wall  paper  directly  over  the  cross  piece,  which 
can  easily  be  done,  especially  in  an  old  house  where  there  are  several 

,     thicknesses  of  paper,  either  dry  or  by  dampening  it.     This  can  be 

'    done  by  culting  an  X  through  (he  paper  at  the  point  over  which 

the  opening  is  to  lie  made,  and  bend  ins;  the  paper  hack,  but  taking 

care  not  to  bend  it  enough  to  crease  it.     Then  cut  a  hole  smaller 

than  the  paper  removed,  and  bore  holes  or  cut  away  the  cross  piece 


enough  so  that  the  wires  will  pass.  If  there  is  a  figure 
where  the  crojs  piece  is  Scaled,  the  same  can  be  cut  out  with  a  sharp 
knife,  and,  after  the  hole  is  plastered  up  with  plaster  of  Paris,  the 
paper  can  be  replaced  very  neatly.  A  careful  man  usually  performs 
this  operation  very  successfully. 

(e)  Sometimes  a  wireman  will  attempt  to  remove  these  cross 
pieces,  when  he  can  get  at  them  from  above,  by  putting  a  piece 
of  pipe  down  between  [he  parlitinn,  and  hitting  with  a  heavy 
hammer.  This  method  is  liable  to  cause  damage  to  the  plaster 
by  bulging  or  breaking  it  out,  and  is  not  recommended. 

(/)  When  a.  switch  musi.  lie  [..rated  una  brick  wall,  it  is  necessary 
to  rim  wires  in  rigid  or  flexible  steel  conduit.  The  wall  must  be 
channeled,  and  the  conductor  buried  in  it,  and  the  groove  replas- 
tered.  At  the  point  where  the  metal  terminates  under  the  floor 
a  suitable  outlet  fitting  must  be  provided. 
386.  Examining  Partition  Interiors— "Willi  a  ^iitVev.  4a.'8s5iS5s« 
juxi  a  littie  mirror  the  interior  of  a.  wa.U  i>t  pwricfen.  ■«1»s!fc'W« 
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ordinarily  be  inaccessible  can  be  inspected  (Fig.  274).  The  mi 
is  introduced  in  the  outlet  bole  and  the  flashlamp  and  eye  are  ! 
behind  it  as  illustrated.  The  mirror  reflects  the  light  of  the  1; 
onto  the  place  to  be  illuminated,  at  the  same  time  reflecting 
image  back  to  the  eye,  (William  Sprunt,  Electrical  World,  Ma 
1912.) 


ning  partition  i 
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GENERAL      LH1_^_  _^  J 

I.  The  term  stationary  or  static  transformer  {Standard  Hand- 
oak)  as  ordinarily  applied,  refers  to  in  apparatus  for  changing  the 
oltageor  current  in  an  alternating  system  from  one  value  toano'" 
nth  an  inverse  change  respectively  in  the  value  of  the  curren 

i  A.  A  step-up  transformer  is  a  constant  potential  transformer 
■>  connected  that  the  delivered  voltage  is  greater  than'the  supplied 

i  B.  A  step-down  transformer  is  one  so  connected  that  the 
elivered  voltage  is  less  than  the  supplied;  the  actual  transformer 
lay  be  the  same  in  one  case  as  in  the  other,  the  terms  step-up  and 
;ep-down  relating  merely  to  the  applies  lion  .if  J  lie  apparatus. 

I  C.  A  constant -potential  transformer  (Fig.  i)  consists  esst__ 
ally  of  three  parts:  the  primary  coil  which  carrier  the  all  c  mating 
jrrent  from  the  supply  lines;  the  core  of  magnetic  material  in 
inch  is  produced  an  alternating  magnetic  (lax:  and  the  secondary 
>il  in  which  is  generated  an  c.m.f.  by  the  change  of  magnetis 
i  the  core  which  it  surrounds. 

Generally  the  primary  is  (he  high-tension  winding  and  it  is  col., 
used  of  many  turns  of  relatively  fine  copper  wire,  well  insulated 
I  withstand  the  volinge  impressed  on  it.     The  secondary  winding 

composed  of  few  turns  of  heavy  copper  wire  capable  ol  carrying 
msiderable  current  at  a  low  voltage. 

a.  The  most  important  application  of  constant-potential  trans- 
irmers  is  for  raising  tin;  voltage  of  an  electric  transmission  cir- 
;it  so  that  energy  can  be  transmitted  for  considerable  distances 
ith  small  voltage  drop  and  small  energy  loss.  {See  Sections  I  and 
I  for  a  more  complete  discussion  of  this  matter.) 

3.  The  Theory  of  Operation  of  the  Constant -potential  Trans- 
irrner. — (See  Fig.  1.)  It  has  been  shown  in  Section  1  that  turns 
f  wire  wound  on  an  iron  core  have  self-induction.  When  an  alter- 
ating  voltage  is  applied  to  such  turns  a  current  flows  through  them 
lat  generates  a  counter  voltage  or  c.m.f.  that  opposes  the  applied 
ullage.  From  formulas,  the  transformer  designer  can  compute 
1st  how  many  turns  are  necessary  for  a  transformer  of  a  given 
ze  so  that  it  will  generate  a  counter  voltage  equal  to  the  applied 
nltage.  So,  in  designing  the  primary  winding  of  the  transformer 
[  Fig.  1,  the  designer  would  select,  such  a  number  of  turns  for  the 
rimary  winding  that  the  counter  voltage  generated  by  it  would 
e  2,200  volts.     Hence,  when  the  primary  winding  is  connected  to 

2,100-volt  circuit,  it  generates  a  counter  voltage  of  practically 
,200  and  no  appreciable  current  flows.     A  small  current,  the  esc' 
ig  current,  just  enough  to  magnetize  the  core,  does  CLiw  but  it 
'  small  that  it  can  he  disregarded  m  tins  ffisoisavOTi. 
591 


Since  the  primary  anil  secondary  windings  are  on 
the  magnetic  flux  generated  by  the  magnetising  or  exciting  CI 
flowing  in  the  primary  winding  also  cut?  the  I  urns  uf  the  seco. 
winding  and  generates  in  them  an  e.m.f.    Tliis  e.m.f.  will  be,  ji 
accordance   wilh   a   well  known    law,  opposite  in  direction  t     ''  ' 
impressed  on  the  primary.     If  the  ico 'injury   circuit  is  open  Hi) 
current  can  (low  in  it  but  if  it  is  closed  a  certain  current,  propa-  1 
tional  to  the  impedance  of  the  secondary  circuit,  will  flow.    Thii 
current,  because  of  the  direction  of  the  e.m.f.  generated  in  tliesK- 
ondary,  will  be  in  such  a  direction  that  the  magnetic  flux  produced  I 
e  by  it  will  oppose  the  flux  due  to  the  primary  «"    " 


primary  winding  and  permit  more  current  to  flow  into  the  primary 
winding.  As  m.'ii'il  else  win-re.  the  ratio  of  the  number  of  turns  in 
the  primary  winding  to  the  number  of  turns  in  the  secondary 
winding  determines  the  ratio  of  the  primary  to  the  secondary 
voltage. 

If  the  voltage  i  in  pro-::  oil  on  the  transformer  is  maintained  con- 
stant the  voltage  of  the  secondary  will  be  nearly  constant  also. 
When  more  current  flows  in  the  secondary  there  will  be  a 
sponding  increase  in  primary  current.  As  the  load  on  a 
former  increases,  the  impressed  voltage  remaining  constant,  I 
is  actually  a  slight  drop  from  the  no-load  voltage  of  the  sccon_ 
due  to  certain  inherent  eliaraclerisi  ii.s  of  (he  transformer,  but  ir 
properly  designed  device  this  drop  will  be  very  small,  Althou 
the  construction  and  elementary  theory  of  the  transformer  are  vi 
simple,  a  theoretie.il  explanation  of  all  of  Ihe  phenomena  in  volt 
in  its  operation  is  very  complicated.  Only  the  principal  featu 
have  been  described.  Some  minor,  though  very  important,  c 
siderations  thai  woold  complicate  things  have  not  been  treated 

4.     The  ratio  of  the  primary  to  the  secondary  turns  det< 
the  ratio  of  the  primary  to  the  secondary  voltage.     For  e 
for  transforming  or  "  stepping- daw  v."  ttova.  1 ,000  -"itt  \* 
the  ratio  of  the  turns  in  the  windings  vn&\ie  W 
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the  primary  and  the  secondary  windings  will  be,  very  closely, 
tersely  proportional  to  the  ratio  of  the  primary  and  secondary 
ltages  because,  disregarding  the  small  looses  oi  transformation, 
s  power  put  into  a  transformer  will  equal  the  power  delivered 
it.     For    example,    considering    a    transformer    with    windings 
viog  a  ratio  of  20  to  t,  if  its  sucomlary  winding  delivers  100  amp. 

50  volts  the  input  to  its  primary  winding  must  receive  almost 
ictly  5  amp.  at  1,000  volts.    The  imput  and  output  are  each 
Tactically)  equal  and  each  would  equal  (almost  exactly)  5,000 
ttts. 

g.     The     terms    "high-tension    winding"    and    "low-tension 
□ding"  are  preferable   to   the  terms  "primary  winding"  and 
econdary  winding"  because  a  high-tension  winding  may  be  the 

imary  in  one  case  and  t 
mes  "high-tension"  and 
■  confusion. 

6.  The  efficiency  of  a  tr 

e  ratio  of  the  output  to 
e  output  to  the  output  [1 
pressed  thus: 

7.  The   copper  loss   of 
sistances  of  the  high-tensi 
ids.    It  is  equal  to  sum 
inents  at  normal  load. 

8.  Performance    of    Di 
ows  about  average  value 
msformers  and  is  not  pa 
anufacturer's  line. 

le  secondary  in  another.     But  if  the 
"low-tension"  are  used  there  can  be 

nsformer  is,  as  with  any  other  device, 
nput  or,  in  other  word's,  the  ratio  of 
us  the  losses.     As  a  formula  it  may  be 

Output 

Output  +  Copper  loss  rfron  loss 
a  transformer   is   determined   by  the 

i]  and  low-lcnsiiin  windings  and  of  the 
Df  the  watts,  PR  losses  in  these  com- 

tributing    Transformers. — The    table 
s  for  2,200  to  220-110-volt,  60-cycle 

iciihirly  rqiri'.Htiituiivc  of  any  certain 

Watts  loss 

efficiency 

p.  .„,.  ™u.™ 

Per 

Per    cent. 

Iron 

c,r 

Full 
load 

,4- 

„..a 

P°P. 

p"f? 

» 

ft 

cSrl 

i 
■  1 

-■! 

V' 

h 

33 

m 
138 

S7 
81 

96.1 

98.1 
98.2 

96.7 
96.9 

98:' 
98,3 
98,3 

98.3 

OS.l 
90.2 

ofi  > 

98.1 
98.3 

96.7 
96.9 

\V\ 

Jrv 

a.  38 

s'.i'i 
3.  a 

J.S8 

8.0 
!! 
3.6 
3.3 

i',h 

38 
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g.     The  iron  loss  of  a  transformer  is  equal  to  the  sum  o 
losses  in  the  iron  core.     These  losses  consist  of  Eddy  or  Fou 
current  losses  and  hysteresis  current  losses.     Eddy  current  ! 
are  due  to  currents  K<-iu;r.ued  by  the  alternating  llux  circul 
within  each  lamination  c-iriip'viirif!  the  ere  and  (hey  are  minim 
by  using  Ihiti  l;ntiiu:ilii>ns  and  by  insulating  adjacent  laminit 
with  paint.    Hysteresis  losses  are  due  to  the  power  require* 
reverse  the  magnetism  of  the  iron  core  at  each  alternation  am 
determined  by  the  amount  and  the  grade  oi  iron  used  for  the 
inations  for  the  core. 

to.    Transformer   Ratings. — Transformers   are   rated   at 
kilo  volt- ampere  (kva.)  outputs.     If  the  load  to  be  supplied 
transformer  is  at   too  per  cent,  power  factor  the  kilowatt 
output  will  he  the  same  as  the  kva.  output.     If  the  load 
lesser   power   factor,  the  kw.  output  will  be  less  than  the 
output  proportionally  as  the  load  power  factor  is  less  than 
per  cent. 

For  txami'lr:  A   IrLm.f.irr^  having  a  full  load  rating  of  100  In*. 
at  o(Tpier^nt°  power Jactor  St  So  iew.'at'go  per  cent!  power  factor. "'^ 

ii.    Capacities  of  Transformers  for  Operating  Motors  (G, 
Etcclric  Company). — For  the   larger   motors  the   capacity  o 
transformers  in   kiLiv.jh-ampcrcs  should  equal  the  output  o 
motor  in  horse-power.    Thus  a  50-h.p.  motor  requires  50  kva. 
transformers.     Small  motors  should  he  supplied  with  a  somen 
larger  transformer  capacity,  especially  if.  as  is  desirable,  the} 
expected  to  run  most  of  the  time  near  full-load,  or  even  at 
overload.     Transformers   of   less   capacity    than    those   notn 
table  12  should  not  be  used  even  when  a  motor  is  to  be  run  a 

12.    Capacities  of  Transformers  for  Induction  Motors. 
(General  Electric  Company) 

Size  of  motor 
horse-power 

Kilo  volt-amperes  per  transformer 

Two  single-phase 

Tbs£££r 

One  three-p 

3 

71 

13 

0-6 

o.fl 

S-o 
75.0 

13.    Regulation  on  Inductive  »ii4  Tfcon-Vfi&netoc  "V«»&.  «!* 

£?ec/ric  Company).— \WAv  vjilliaiiDti-iTvo.Mt^eVwjiaa.eaai 
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:ent  lamps  the  regulation  of  transformers  Is  within  about  3  per 
L,  with  an  inductive  load,  the  drop  hi  potenlial  between  no-load 
full-load  increases  to,  possibly,  about  5  per  cent.  If  the  motor 
1  is  large  and  fluctuating,  and  close  lamp  regulation  is  important, 
,  desirable  to  use  separate  transformers  for  the  motors. 

4.  The  oil  used  in  transformers  i>7ii »</<!></  Handbook)  performs 
important  functions.     It  serves  to  insulate  the  various  coils 

o  each  other  and  from  the  core,  and  it  conducts  the  heat  from 
oils  and  core  to  some  cooler  surfaces  where  it  is  cither  di-sipale 1 
he  surrounding  air  or  transferred  to  some  cooling  medium.  It  is 
lent  that  the  oil  should  be  free  from  any  conducting  material, 
lould  be  sufficiently  (bin  to  circulate  rapidly  when  subjected  to 
srences  of  temperature  at  different  places,  and  it  should  not  be 
table  until  its  temperature  is  raised  to  a  very  high  value, 
.lthough  numerous  k  Lnrlr.  -jf  <>ils  have  been  I  tied  in  transformers, 
ihe  present  time  mineral  oil  is  imil  almost  exclusively .  This 
s  obtained  by  fractional  distillation  of  petroleum  unmixed  with 
other  substances  and  without  subsequent  chemical  treatment, 
ood  grade  of  transformer  oil  should  show  very  little  evaporation 
oodeg.  Cent,  and  it  should  not  cive  off  seises  at  Such  a  rate  as  to 
:lucc  an  c.xplo-ivc  miuurc  v.  ill)  the  -t:rruundia:r  air  at  a  tempera- 
;  below  rSo  deg.  cent.  It  should  not  contain  moisture,  acid, 
di  or  sulphur  compounds. 

t  has  been  shown  by  Mr.  C.  E.  Skinner  that  the  deteriorating 
ct  of  moisture  on  the  insula  tins;  qualities  of  an  oil  is  very  marked; 
sture  to  the  extent  of  0.06  per  cent,  reduces  the  dielectric 
ngth  of  the  oil  to  about  50  per  cent,  of  the  value  when  it  is  free 
n  moisture;  but  there  is  very  little  further  decrease  in  the 
ectric    strength  with  an  increase  in  the  amount  of    moisture 

try  oil  will  stand  an  e.m.f.  of  25,000  volts  between  two  0.5-in. 
bs  separated  by  0.15  in.  The  presence  of  moisture  can  be 
;cted  by  thrusting  a  red  hot  nail  in  the  oil-  if  the  oil  "crackles" 
er  is  present.  Moisture  may  be  removed  by  raising  the  tem- 
lturc  slightly  above  the  boiling  point  of  water,  but  the  time 
sumed  (several  days)  is  excessive.  The  oil  is  subsequently 
sed  through  a  dry-sand  filter  to  remove  any  traces  of  the  lime 
ither  foreign  materials. 

5.  Bell-ringing  transformers  are  referred  to  in  the  section  on 
trior  Wiring  under  Bell  Wiring. 


SINGLE-PHASE  CONNECTIONS 

6.  Connections  for  standard  distributing  transformers  are 
wn  in  Figs.  2  and  3.  Distributing  transformers  of  medium 
small  capacity  are  almost  invariably  arranged,  as  shown,  with 
primary  and  two  secondary  coils.  By  making  the  necessary 
nges  in  the  primary-coil  connections  they  may  be  used  on 
nary  circuits  of  either  1,100  or  2,200  volts  and  their  secondary 
Hags  can  be  so  connected  as  to  deliver  ns«  iiaN*\Si<«\-«K.*i 
no-volt,  three-wire  circuit,    Tj<k   c,toa&c%  ^  ^mv**-1^ 


if  the  primary  coils  a  block  is  provided  within  the  transiorraHi 
'he  connections  of  the  secondary  coils  are  made,  cither ' 
ic  secondary  leads  or  with  connectors,  outside  of  the 

case.     Distributing    transformers    are    also    made    for 
oltages  of  1,040  or  2,080  and  corresponding  secondary 
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—'Secondary  Circuit- J?  -iZOfbUs-^ 

Primary  Coils  In  Series    Primary  toils  in  Series         Primary  Coils  in  Paral.. 
Secondary  Coils  Secondary  Coils  Secondary  Coils  in  Serix 

in  Parrallet  in  Series  Three-  Wire  Connection 

Pic.  1. — Connections  of  atandard  distributing  transfoi 

US  and  230  and  have  an  approximate  ratio  of  9 
nt  and  rear  views  of  a  W  eating  ho  use  distributing  transfc 
shown  in  Fig.  3  A. 

7.     Transformer  connections  for  three-wire  secondary 
are  shown  in  Figs.  2,  3  and  4.      In  the  arrangement  Figs.  I 


Primary  Coils  in  Parallel 
Secondary  Coils  in  Parallel 

Fig.  3,— Method  of  interconnecting  transformer  secondaries  with  =0 

one  transformer  only  is  used.     Its  secondary  windings  are  m 

in  series  and  a  tap  is  ma.de  Vo  t-Vie  povnt  oi  co<ii«9a\««.Wi 

two  windings,  providing  210  vofe  bttwm  W  v™  — 

and  1,0  volts  on  each  tii  i\\t  s«\e  c'ltcvAw.    '^»™--_- 

ha  ve  a  capacity  equal  to  the  \<*4  t»  **  ««tf* 
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circuits  should  lie  carefully  balanced.     If  the  three-wire  circ 
are  decidedly  unbalanced,  l  lie  I  ransWmer  should  have  a  capacity 
equal  to  twice  the  load  on  the  must  heavily  loaded  of  the  two    ' '" 
circuits. 

In  Fig.  4  two  transformers  are  shown  ohuhjcK''!  io  serve  a  three- 
wire  circuit.     The  three-wire  load  should  be  balanced  as  nearly 


as  possible  and  where  it  is  very  nearly  balanced  each  transformer 
should  have  a  capacity  equal  to  one-half  of  (he  total  load.  If  the 
load  is  badly  unbalanced,  each  transformer  should  have  a 
sufficient  capacity  equal  to  the  load  on  its  side  of  the  circuit.  See 
discussion  of  "Parallel  Operation." 


TWO-PHASE  CONNECTIONS 

Transformers  connected  to  four-wire,  two-ohase  circuit! 
own  in  Fig.  5.  As  a  rule  two-pYiase  pr'wnwj  X\!*s,we.Ssmft- 
s  soown  and  to  such  a  four-wire  Ywus  \3qji  VwsjsJkwsss*  «*■ 
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connected  to  each  of  the  side  circuits  as  if  each  side  circuit  w 
single-phase  circuit  not  having  any   connection  with  the  o 
The  total  load  should  he  so  ■  [ L -.  i 1 1 ■  - ■  1  between  !he  phases 
loads  on  each  mil  be  equal  as  nearly  as  possible.     Each  ti 
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former  should  be  designed  for  line  voltage  and  will  carry  line  a. 
rent.  Each  transformer  should  have  a  kva.  capacity  equal  to 
one-h:df  of  1I10  kea.  load  liiul  is  served  by  the  two  transformers. 

18  A.    Transformers  connected  to  three-wire,  two-phase  circuits 
are  shown  in  Eig.  %A.      The  current  in  the  center  line  wire  {AA) 


^■Primary  Circvrfs^ 


n  either  ol  >.Yic  o 
has  line  vultage  impressed  & 
A  Genera]  Electric  Co.  publkatv 
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Tin  balancing  of  voltage  at  the  end  of  a 
is    experienced  with  the  three-wire,  two-phase  system  due  to  ! 
nrutual   induction   between   phases.     Where  the  power  factor 
low,  a  still  worse  regulation  is  obtained,  making  satisfactory  opera- 
tion difficult.      Very   few  systems  now  operate  on   this  plan  and 
practically  all  of  them  could  be  improved  by  the  use  of  some  other 
system." 

19.  Mixed  connections  are  sometimes  made  with,  two-phase 
transformers  as  shown  in  l'ig.  6.  With  improper  connections 
Such  as  those  shown,  difficulty  will  be  exjiericma-d  in  the  operation 
of  motors  and  they  may 
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THREE-PHASE  CONNECTIONS 
30.  Comparison  of  one  three-phase  transformer  as  against  a 
group  of  single-phase  transformers  (Standard  Handbook)  that  may 
be  employed  for  obtaining  the  same  service  have  been  summed  up 
■  by  Mr.  J.  S.  Peck  as  follows:  Advantages  of  three-phase  trans- 
former: First,  lower  cost;  second,  higher  eliic.iency;  third,  less  floor 
space  and  less  weight;  fourth,  simplilieation  in  outside  wiring,  and 
fifth,  reduced  transportation  charges  and  reduced  cost  of  installa- 
tion. The  disadvantages  of  the  three-phase  transformer  are: 
First,  greater  cost  of  spare  units,  second,  greater  derangement  of 
service  in  the  event  of  break-down;  third,  greater  cost  of  repair; 
fourth,  reduced  capacity  obtainable  in  self-cooling  units;  and  fifth, 
greater  difficulties  in  bringing  out  taps  for  a  large  number  of 
voltages.  It  is  considered  that  the  three-phase  transformer  has 
certain  real  and  positive  advantages  over  the  one-phase  type, 
while  its  disadvantages  are  chiefly  those  which  result  in  the  event 
of  break-down — an  abnormal  condition  which  occurs  at  rarer  and 
as  the  art  of  transformer  design  and  manufacture 
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Transformers  with  both  primary  and secottdw^j  coil  delta. C.i.\ 
shown  in  rig.  7,     All  three  at  VWt  Vt™s&»\0!iKW.  ««. 

■fes  in  a  closed  circuit  :vru\  eae'nYW  tm\.^™*4 
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Xfne  current  in  each  line  wire  and  E  is  the  voltage  between  w 

"efore,    the  kva.   capacity  of   each   transformer   shoul 

ZE-5-3  =0.58  J.E. 

*.    Transformers  with  both  primary  and   secondary 

—connected,  from  a  three-wire  primary  circuit,  are  shew 

•    8.    The  current  in  each  transformer  winding  is  the  sar 

line  current  and  the  voltage  imposed  on  each  winding  = 

fe  -7- V3  =  line  voltage  X  0.58.  The  kva.  capacity  of 
ormer  should  be  equal  to  one-third  the  total  kva.  of  the 
l>e  served.  The  total  kva.  load  transmitted  by  a  bah 
phase  line  =1.73  IE  (where  J  is  the  line  current  in  eacl 
and  E  is  the  voltage  between  wires).  Therefore,  the 
ity  of  each  transformer  should  be  1.73  IE-r-  3  =0.58  IE. 
star-star  connection  is  seldom  used. 

I Three  -Phase,  four-Wire  Primary  Circuit 
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"  Three- Phase.  ThreeWire  Secondary 

^^XC.  9. — Transformers,  star-connected  on  both  primary  and  seconda 
three-phase  circuits  (four- wire  primary  circuit). 

The  same  grouping  except  that  the  primary  circuit  is  four 
^8  shown  in  Fig.  9.  In  thus  connecting  transformers  from  a 
^rire,  primary  circuit  it  should  be  remembered  that  each  1 
3hand  primary  terminal  connects  with  a  line  wire  and  each  left- 
terminal  connects  with  the  neutral  wire  or  the  reverse,  respecti 
"The  voltage  and  current  relations  are  shown  in  the  illustratioi 

23.  Transformers  delta-connected  to  the  primary  circuit 
«tar-connected  to  the  secondary  circuit  are  shown  in  Fig 
.Any  group  of  transformers  can  be  connected  with  either 
primary  or  secondary  coils  connected  in  either  star  or  delta. 
the  primary  delta-connected  and  the  secondary  star-conn< 
as  shown,  the  secondary  voltage  will  be  1.73  times  what  it  wou 
3f  it  were  delta-connected.  For  example,  in  the  illustration 
transformers  are  assumed  to  have  a  10  :  1  ratio)  with  a  ■ 
secondary  connection  the  secondary  line  voltage  v*o\i\&\><s.  i  ,10 
mm 220  volts,  but  with  a  star  or  Y  secondary  connectvoiv  \X\&  *«« 
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voltage  is  120X1-73  =  38°  volts.  It  should  be  noted  that  * 
delta- connected  primary  an  increase  of  15  per  cent,  in  the  pi 
voltage  and  a  slat  sc-L-ondary  c<mn  1*1  lion  will  make  the  sect 
voltage  twice  what  it  would  be  with  delta-connection  and  b 
primary  voltage. 


24.  Transformers  star-connected  primary  and  delta-ci 
secondary  arc  shown  in  Fig.  it.  "CWsttTrveie-jMwiaE  toe 
described  in  13  and  the  secondary  \o\\.a.?.e  -mWWicWv  1 
is  great  as  if  both  secondary  arid  primary 
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15.  The  Three-phase  V-  or  Open-delta  Connection  (Figs.  12 
d  13).— Line  voltage  is  impressed  on  each  transformer  and  line 
rrent  flows  in  each  transformer  coil.  This  method  is  considerably 
ed  for  motors  but  has  thentiieL'timi  that  if  one  of  Ihe  transformers 
comes  inoperative  the  three-phase  circuit  served  will  be  fed  by 
.t  one  transformer  and  hence  will  U-  inoperative.  (The  Revcrsed- 
■  cmncdion  is  indicated  at  the  primary  side  in  Fig.  13.) 
v Three-Phase,  Primary Grgjit 


^Thtee-Phase.Four-Wirt.Primary  Circuit 


The  combined  capacity  of  two  transformers  {Gear  and  WiHhnns). 
nnected  by  this  method  and  serving  a  given  load  should  be  15.5 
r  cent,  greater  than  the  combined  ca.pa.dt-j  ol  ft.tW.VsimS.om.tvi., 
(a-  or  star- connected  and  serving  the  same\<iiA.    ^  on  to5.\.™k*. 
hree  j-iva.  transformers  (.total  capacity  i^  Vvs.^  as.*  xe»(sa.*»- 
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ain  installation  and  they  are  replaced  by  two  yi-kvi 
transformers  (total  capacity  15  kva.]  the  two  transformers  will  b< 
overloaded  by  15.5  percent,  at  a  full  load  of  15  kw.  at  too  pet  cent 
power  factor. 

For  example,  assume  that  in  a  three-transformer  installation 
le  current  in  the  secondary  line  is  17.3  amp.  This  imposes  1 
load  of  10  amp.  on  the  transformer  secondary  coils.  At  200  volu 
this  is  2  kw.  per  transformer  or  6  kw.  in  all.  If,  now,  two  3-tw 
transformers  are  put  in  to  replace  the  three  2-kw.  units  the  capadt) 
of  the  secondary  coils  would  be  15  amp.  But,  as  above  noted 
with  the  open-delta  connection  the  current  in  the  secondary  mi 
is  the  same  as  the  current  in  the  line  and  the  15-amp.  windini 
must  carry  17.3  amp.  or  [5.5  per  cent,  overload. 

In  the  grouping  of  Fig.  12,  to  reverse  the  direction  of  a  mow 
served  by  the  group,  interchange  any  two  of  the  primary  phss 
wires  or  reverse  any  two  of  the  secondary  wires. 

Usually  two  transformers  for  open-delta  grouping  of  propt 
aggregate  capacity  to  serve  a  given  load  will  be  cheaper  than  tort 
transformers  for  star  or  delta  grouping  to  serve  the  same  lod 
but  this  is  not  always  the  case. 

26.  Disadvantages  of  the  V-  or  Open-delta  Connection  (Stow 
ard  Handbook). — For  normal  operation  not  only  must  each  of  ti 
V-connected  transformers  be  larger  than  each  of  the  delta-cot 
nected  transformers,  but  the  two  transformers  must  have  a  con 
bined  rating  15.5  per  cent,  greater  than  the  three  transformer 
This  fact  taken  alone  does  not  represent  a  disadvantage  of  tl 
V-connection,  because  the  two  larger  transformers  are  eiactl 
equal  in  constructive  material  and  operating  efficiency  to  li 
three  smaller  transformers.  The  real  objection  to  the  V-connei 
tion  for  serious  work  resides  in  the  tendency  for  the  local  impedam 
of  the  transformers  to  produce  an  enormous  unbalance  of  tl 
secondary  voltages  and  of  the  primary  currents.  In  spite  of  th 
disadvantage  (which  is  really  of  little  consequence  in  2,2oo-vo 
primary,  distribution  work)  many  V-connccted  groupings  are  i 
satisfactory  operation. 

27.  Comparison  between  the  Delta,  the  Star  and  the  Opet 
delta  Methods  of  Connection  {Standard  Handbook). — The  choii 
between  the  methods  would  be  governed  largely  by  the  setvii 
requirements.  When  the  three  transformers  are  delta- connect* 
one  may  be  removed  without  interrupting  the  performance  of  tl 
circuit — the  two  remaining  transformers,  in  a  manner,  acting  i 
series  to  carry  the  load  of  the  missing  transformer.  The  desii 
to  obtain  immunity  from  a  shut-down  due  to  the  disabling  of  ot 
transformer  has  led  to  the  extensive  use  of  the  delta  connectic 
of  transformers,  especially  on  the  low-potential  delivery  sid1 
It  is  to  be  noted  that  in  case  one  transformer  is  crippled  the  othi 
two  will  be  subjected  to  greatly  increased  losses. 

Thus,  if  three  delta- con  nected  transformers  be  equally  loadc 

until  each  carries  100  amp.,  there  will  be  173  amp.  in  each  eitern: 

circuit  wire.     If  one  transformer  \>e  now  icma-jsA  -iwd  v-^  am; 

continues  to  be  supplied  to  eacn  txtenvaX  osmtt.  me,  eajiv.  A^ 

remaining   transformers  must  catty   nj  mob-,  *v™»  Vs.w'w 
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irmers  were  active,  or  the  total  copper  loss  is  now  increased  to  a 
ilue  of  six  relative  to  its  former  value  of  three. 

A  change  from  delta  to  V  in  the  secondary  circuit  alters  the  ratio 
E  the  transmission  e.m.f.  to  the  receiver  e.m.f.  from  r  to  V3- 
in  account  of  this  fact,  when  the  e.m.f.  of  the  transmission  cir- 
ilit  is  so  high  that  the  successful  insulation  of  transformer 
jils  becomes  of  constructive  and  pecuniary  importance,  the  three- 
hase  line  sides  of  the  transformers  are  connected  in  "star"  and 
]6  neutral  is  grounded.  However,  most  of  the  circuits  operating 
t  roo,ooo  volts  or  more  are  not  grounded  and  the  transformers 
re  joined  in  "delta"  and  insulated  for  the  full  e.m.f. 

See  also  16  regarding  properties  of  an  open-delta   connected 

28.  Comparative  Cost  of  Transformers  for  Different  Groupings 
)r  Three-phase  Service.— The  following  table  shows  the  costs 
f  the  single-phase  transformers,  of  proper  capacities  for  either  a 
elta  or  an  opcn-iidln  .l_t r ■. ■  l  1 1  :■  1 : 1  sjt  and  of  a  three  phase  transformer 
3  serve  a  75-kva.  installation. 


Method  of        Number  of 

Capacity  of: 
jLmarJmJ   capl":lty 

Cost  per 

1st' 

Delta  (J) 
IBM  Delta  (V) 

I 

I 

80 

S46 

*&3B 
6>4 

546 

of   tvia  eingTe-phas 


Kity   of   Bo    kva.   -hi, 


SPECIAL  TRANSFORMER  CONNECTIONS 

29.  Transformers  connected  for  transforming  from  three- 
base  to  two-phase  or  the  reverse  are  illustrated  in  Fig.  14  which 
aows  what  is  known  as  the  Scot l  connection.  The  transformers 
squired  are  special  and  each  has  a  lead  brought  out  from  the 
liddle  point  of  the  high-tension  winding  and  a  special  voltage  tap 
:  arranged  giving  86.6  per  cent,  of  the  high-tension  winding. 
Isually  two  transformers  lost  alike  arc  purchased  so  that  they 
nil  be  interchangeable.  These  special  transformers  Can  be  pur- 
hased  from  any  of  the  large  manufacturers.  Those  shown  are 
testing  ho  use  transformers.  Two  standard  single- phase  trans- 
irmers  for  such  service  should  have  an  aggregate  kva.  rating 
Si  per  cent,  greater  than  their  group  or  nominal  rating. 

jo.  T-Connected  Transformers  for  Ti&'nstarmki'j.UociTcmi*- 
mse  to  Three-phase  (Standard  ff .jHjimokV — X.  YtwStesA  civ  «&■ 
tying   two    transformers    in    three- lib  asc   \.VMffilwn»&-'&MS-  ^Wtf 


. 


for  its  work  one  will  have  a  rating  of  EI  and  the  other  a  c: 
0.866  EI,  where  /  is  the  current  in  each  line  wire  and  I 
e.m.f.  between  lines.     The  combined  rating  will  therefore  be 
.ls  compared  with  1.732  EI  fur  three  one-phas 
nected  either  A  or  Y,  or  with  2,000  EI  lor  two 
formers. 

30  A.  Requisites  for  Transformers  for  T -Connection 
two  transformers  should  possess  the  sjtme  ratio  of  prill 
secondary  turns  and  a  tap  is  brought  out  from  the  centc 
of  one  of  the  transformers.  It  is  not  essential  that  the 
transformer  be  designed  for  exactly  86.6  per  eent.  of  the  Y 
of  the  latter;  the  normal  voltage  of  one  can  be  90  per  cent, 
olbcr,  without  jirndiicirij;  ik-Lriim-iilal  results.  Moreover, 
formers  designed  for  the  same  notm&Y  e.m.\.  mi&  \T\<u™irai 

1   be   T-counected  viitn.  wffisv&KSjMUs  '•BOigMw 
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In  comparing  the  T-connection  with  the  A  -  or  the  Y- 
i  (Standard  Handbook),  it  is  to  be  noted  that  each  con- 
:complishes  the  lnm>l'ormai  inn  without  ii.-n->il jIc  distortion 
relations.  TIil-  T-camei  -.inn  allows  the  neutral  point 
:hed  equally  as  well  as  docs  the  Y -connection.  The  A- 
a,  however,  is  the  only  one  capable  of  transforming  in 
es  with  one  disabled  transformer.     With  reference  to  its 

maintain   balamvd   phase   relations,   the  T-connection 
etter  than  the  V-connection. 
;gregate    kva.  rating  of  two  T-connected   transformers 

'Sa  per  cent,  greater  than  the  nominal  kva.  rating  of 

iplanation  of  the  Transformation  from  Three  Phase  to 
ie  (Standard  Handbook). — Assume  the  simple  case  of  a 
c  of  power  of  30,000  watts  at  100  volts,  three  phase,  to 
rmed  (without  loss)  to  30,000  watts  100  volts,  two  phase, 
5.  Assuming  now  that  the  load  is  balanced  on  the  two- 
;,  there  will  be  15,000  watts  per  phase,  or  150  amp.  at 
Since  the  three-phase  power  is  represented  as  \/i  IE 
1,   where  /is 

VSZAm 
n.f .  be- 


■r    86.6    volts 
amp.      The 
through     the         „ 
D,   divides         F} 
i    part    (86.6 

:s  through  DA  and  an  equal  part  (86.6  amp.)  passes 
Uy  through  DB;  thus  the  mapiielo  motive  force  of  these 
nts  has  a  resultant  of  zero,  and  it  has  no  effect  upon  the 
so  far  as  transformer  T'  is  concerned.  The  coil,  A  D  B, 
total  value  of  current  of  173.2  amp.  throughout  all  of  its 
:  the  current  in  one-half  is  60  time-degrees  out  of  phase 
in  the  other  half. 

to  say  the  173.2  amp.  in  one  half  is  made  up  of  a  load 
150  amp.  in  leadrni;  tin>e-t|uailralure  with  which  is  86.6 
le  that  in  the  other  half  is  made  up  of  a  load  current  of 
in  lagging  time-quadrature  with  wha&  ia  a.  ?M\n3y»«& 
86.6  amp.  The  magnetizAng  eRect  oA  \3a.c  VR.*  mm*. 
e,  150  amp.  and  the  current  Vn.  the  \.'«cj-\itos^  «&»  ^ 
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transformer  T'  is  150  amp.  In  the  7"- transformer  lie 
motive  force  of  173.2  amp.  in  86.6  per  cent,  turns  is 
to  that  of  150  amp.  in  100  per  cent,  turns;  these  two  C 
directly  in  lime-phase  opposition,  and  the  apparatus  operau 
all  respects  lite  a  one-phase  transformer.  The  phasi 
and  the  relative  values  of  the  several  components  of  c 
shown  in  the  vector  diagram  of  Fig.  15. 


Thna-Phasc,  Primary  On 
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3*.  KUovolt  Ampere  Ratings  of  Transformers  for  Scott  Ct 
nection  (Three-phase  to  Two-phase)  for  Serving  a  Given  Hot! 
power  Load. — The  following  table  gives  the  ratings  recommenc 
by  the  Westinghouse  Company  for  transformers  serving  squirt 
cage  induction  motors  and  indicates  the  efficiency  of  the  itistal 
tion.  The  temperature  guarantee  with  performances  as  shown 
a  SO  deg.  Cent-  rise. 


1 


.■WSI-ORMKKS 


1  each  transformer   = 


Efficiency   = 


transformer  loss+kva.  on  transformer 
•33,     Booster  transformers  Uilcdrh:  Ceiilml  Stnlii>n   Di'lributing 
Wf  stems,  Gear  and  Williams,    l'j>t   Xu^lr.ind  Co.). — Ordinary  dis- 
tributing transformers  ;iii|jlied  a;   illustrated  (Fig.    17),  are  used 
Maere  it  is  necessary  to  raise  by  a  fixed  percentage,  the  voltage 
fcrfivered   by  a  line,  a5  is  necessary  when  transformer  ratios  do 
t  give  quite  the  right  voltage  or  when  line  drop  is  excessive.     A 
istiT  r;i ir-es  the  voltage  of  any  primacy  circuit  in  which  it  may 
inserted  by  the  amount  of  the  setundary  voltage  of  the  booster. 
*Fig.  17.) 


ngulation  of  the  fcci__.    ... 

n  the  line  US  a  booster  will  riiiss  ; h ,-  r.rfssufo  of  the  primary  tars...... 

to«d  side  of  the  booster  by   110   vulls.      This  raises  the  secondary  P 

■:.  ,■.■.,,.■.,-.,;:;  I.-:-.-        ■■■■:: 

»  toW  cent"  booste^ln  each  ohase  raises" thT  normal  rjressnt*  of  1 
■  Volts  to  153-440  VI 
The  connections 

the  line  on  Bio  &W    id  ?Vn  boosted  as  well  a»°the"lin«, 

.............  .  ....... 
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ansformera  shown  in  Fie.  17  1 
shown  apply  only  to  transfoi 


34.    The  proper  connection  of  the  secondary  for  a  booster  ■ 
choke  transformer  must  usually  be  determined  by  trial  for  a  tti " 
former  of  any  given  type,  but  once  determined,  any  transforn 
:  type  may  be  connected  in  the  same  manner.    Th 
shown  in  Figs,  i?  and  18  are  correct  for  transforn 
the  principal  makers. 

1^-  Trartsfbrmars  -,, 


35.  Boosters  are  connected  in  a  two-phase  circuit  in  a  maun 
similar  to  that  shown  in  Fig.   17  for  a  single-phase  circuit, 
three-wire,  two-phu.se  feeders  the  bonslers    (secondary  windinj 
are  cut  into  the  outer  wires  and  the  primary  windings  are  cc 
nected  between  the  middle  and  the  outside  wires. 

36.  Booster  transformers  in  three-phase  circuits  are  connected  1 
as  shown  in  Fig.  ig  (Gear  and  William!,  Van  Nostrand  Co.). —  I 
The  insertion  in  any  phase  wire  of  the  booster  voltage  affects  I 
two  phases.  The  boosting  and  choking  effects,  with  transformers  | 
of  various  ratios,  with  the  boosting  transformers  used  ii 
or  three  phases  are  expressed  in  percentage  of  the  primary  voltage 
in  the  table  of  37. 

37.  Voltage  Boosting  and  Choking  Effect  of  Transformers  Con- 
nected in  Three-phase  Circuits  {Electric  Central  Station  Distrib- 
uting Sytems,  Gear  and  Williams,  Van  No'trand  Co.). — Values 
in  the  body  of  the  tables  are  the  percentages  that  the  voltages 
will  be  increased  or  decreased  respetVi.M«\v  *>V   *-he  i 

booster  or  choking  transformers,  oi  Ai&ctciA  w*.™., 
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In  arrangement  of  standard  transformers,  connected  as 
nsformers,  and  boosters  to  provide  2,080  volts  from  a 
e,  three-phase  system  is  shown  in  Fig.  jo.  This  is  taken 
ear  and  Williams'  '■t'rrrtr,:!  $!,ili,»!  I)i<tr!l>nling  Systems" 
Tostrand  Co.).  The  installation  served  was  a  300-kw., 
■It,  three-phase  motor  and  the  source  of  energy  was  a 
e,  Y-connected  system  operated  at  about  _',t6o  volts  be- 
ich  phase  wire  and  neutral  or  3,740  bi'i  ween  phases. 
•nly  transformers  available  were  sis,  50  kw.,  units,  having 

coils  wound  for  1,040  or  j.080  veils  anil  secondary  coils 
nr  230  volts.     By  connecting  these  transformers  for  1,040 

the  primary  and  arranging  two  it]  scries  from  each  phase 
aeutral  with  secondaries  in  parallel,  it  was  possible  to  tap 
it  circuit  off  at  half  the  line  pressure.  Ttte  line  pressure 
'  3,74°,   'he  additional  voltaic  yim\u'\ic&  \o  \kqn\4s.  »,;*"<» 

secured  through  the  use  ot  a  9  to  1  booster  \n  easSEi'^osw*.- 
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39.  Choking  Transformers  (Gear  and  Williams  in  Elrrtnc 
Central  Station  Di'lrtbttting  Systems,  Van  Ifosiratut  Co.)— When 
the  secondary  is  connected  in  reverse  order  the  transformer  In- 
comes a  "choke,"  depressing  the  line  pressure  instead  of  raisir^ 
it.  This  method  oi  connection  is  useful  where  less  pressure  is  ' 
desired. 

ExampUs. — A  5  per  cent,  choke  connection  is  shown  in  FiE.  iS  /.  a  4.7J  I 
■    ChDke  in  II.  a  10  per  cent,  choke  in  ///    and  a  9."  Per  cent,  chota    I 


40.  There  are  certain  precautions  that  should  he  observed  is 
the  installation  of  boosters  (Gear  and  Williams,  Electric  Central 
Station  Distributing  Sy<tt"»:<),  to  protect  them  from  injury, 
booster  secondary  is  in  series  with  the  line  and  current  is  1* 
through  its  primary  windings  in  proportion  to  the  load  c 
line.  If  the  primary  of  the  booster  is  opened  while  the  seco 
is  carrying  the  line  current  the  booster  acts  as  a  choke  coil  h 
main  circuit.  This  causes  a  large  drop  of  pressure  in  the  boost! 
imposing  upon  its  secondary  windings  ,1  difference  of  potentia 
of  two  to  five  times  normal.     Under  these  conditions  the  ins  ' 

tion  of  a  2 ,000- volt  transformer  may  be  subjected  to  a  pres 

of  to,ooo  to  20,000  volts  or  more  depending  upon  the  load  carried 
by  the  main  circuit  at  the  time. 

If  a  fuse  is  used  in  the  primary  its  blowing  creates  the  above 
condition  and  the  arc  holds  acrosr.  the  terminals  of  the  fuse  block 
until  it  burns  itself  clear.  It  has  often  been  observed  that  where 
boosters  have  been  "protected"  by  fuses  in  this  way,  the  trans- 
former has  burned  out  shortly  after  the  blowing  of  its  primary 
fuses  if  not  at  the  time. 
41-  Booster  Cut-out  (Gear  and  WWYiaxn^ .— 1^  to-kewkSioii,  m 
disconnecting   a  booster   the  main  \ine   aWu.4  \«  o^enco.  \*ftan 
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econdary    of    the    Series  Arc 
booster.     The  switch  must  be  of     r"* 
a  type  having  a  positive  actio; 
that  arcing  will  not  damage 


secondaryisshort-rircuLted._  The 
carrying   capacity   to   carry  thi 


putting  it  in  or  out.     If  service  on  the  line  c; 
or  if  it  is  desired  !<>  switch  Lite  booster  it 
it  may  be  done  with  a  series  arc  cut-out  as  in  Fig.  j 
tion  of  the  cut-out  simultaneously  . 

opens    the    primary    and    short-  ftwta/y.\  :6 


booster  is  shunted  out  and  stand- 
ard series  arc  cut-outs  should  not 
be  used  where  the  line  current  is  likely  to  exceed  ;o  to  25  amp. 

When  the  augmented  booster  is  used  the  terminals  of  the  pri- 
mary winding  1 'f  the  transf. inner  uliicli  gucs  lo  the  cut-out  should 


•VWA>  fWWv> 


Oxnzrfcren  three  Wmi'C. ;■-,  .•  *mt 
te*B*"|"»| 
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OpvrSvik/ianfdamgikirtinaonA;    ~"~flfivata'-' 
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vffase-fwr-Wire     'CoiatAtronfhiecWirtllCiysitm       V^Thres- Phan 
■medionsftrCoroerlers  So  If  Starting  from  the  demoting  Current  Side. 

■  -"'■'     ■-.       -.■■.■■     -    .    ..  ■ 
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inected  to  that  terminal  of  the  cut-out.  which  is  shown  ai 


ConrwctioniforCOTYerterslhaiaretiot  Itlfl 


ing  from  the  Alternating  Current  Side 
Vpe/to/o 


Connections -for  Converters  self  Starting  from  the  Alternating  Current  Side. 
I vt-..-.,.  ....  .iiwtfofyf/rojtimatotvttiigtifbrrQfarf 

\a.  33.— Connection  for  transformers  serving  rotnry  converters  from 
three-phase  system.     (lir>J;;n>I;t>i«c  Eleclnc  6-  .Manufacturing  Co.) 


nected  as  indicate 
standard  practice 
exceptions)  the  o 


The 


■ftv^YfadttymSeria-ferah 


03 


i:  :■!:   -On- 

■ 


jwvi  Y**fi     1  p»i Vwi 


I'ijrs.  2?  and  23  which  show  Westinghouse 
le  secondary  voltages  given  are  (with  four 
that  should  be  impressed  on  the  alternating- 
current  sides  of  converters  so  that 
tie    converters    will   produce    a 
direct- current  voltage  of  (100  for 
railway  work.      The  four  excep- 
tions are  noted  in  the  illnsl  ration;. 
43.     A  method  of  forcing  equtl 
division  of  load  between   trans- 
formers having  considerably  dif- 


S  ferent  impedance  characteristics 
(A.  D.  Fishel,  Distributing  Trans- 
fanners)  is  shown  in  Fig.  24. 
Standard,  2,200-volt  disi  I'ilmtin^ 
transformers  are  usually  riruvidi/d 
with  arrangements  for  the  scries- 

Earalk-I   connecting   of   both  the 
igh-lension  and  the  low- tension 
windings  and  therefore  the  con- 
shown  can  be  used.     AstVieVi^-\.ensioii.-,wHiS\si^m«i& 
series  the  currents  in  the  primary  w  Hidings  m\i.\>fciSia  as 
the  trans  formers  will  be  equally  loaded. 
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44.  Transformer  Connections  for  Obtaining  250  and  400  Volts 
from  a  1,150'Volt  Line  for  Starting  and  Running  a  Motor  (H.  W. 

Young,  Electric  Journal). — The  motor  is  a  20-h.p.,  60-cyclc  machine. 
To  supply  20  h. p.  will  require  approximately  20  kw.,  which,  in  three 
transformers,  corresponds  to  approximately  three  7.5-kw.  units. 
If  these  arc  connected  to  j.rivc  a  5  to  1  ratio,  1,150  volts  on  the  pri- 
mary will  give  230  volts  for  the  secondary.  Ii  the  transformers 
are  connected  with  the  high-tension  windings  in  delta  and  the  low- 
tension  windings  in  star,  as  shown  in  Fig.  25  I,  the  ratio  of  the 
three- phase  transformation  "ill  he  1,150  to  400  as  desired,  and  by 
using  the  middle  point  of  the  low  tension  windings,  200  volts  will 
be  available  for  starting  the  motor.  Usually  such  motors  will 
start  very  satisfactorily  on  one-half  voltage. 

As  another  solution:  Two  15-kw.  and  two  3-Jtw.  transformers 
may  he  connected  in  V  with  one  15-kw.  and  i-kw.  transformer  on 
each  leg,  as  shown  in  Fig.  55  II.  With  one  of  the  15-kw.  trans- 
formers connected  with  a  ratio  of  2,5  to  I,  1,150  volts  high  tension 


^f...-..'.;.m 


will  give  400  volts  low  tension.     The  3-kw.  transformers  should 
I      then  be  connected  to  give  a  ratio  of  20  to  1,  so  that  1,150  volts 
1       will  give  57.5  volts  low  tension.     If  the  15-  and  the  3-kw.  trans- 
.      formers  be  connected  in  parallel  on  the  high-tension   side  to  the 
I      1,150-volt  line  and  in  scries  on  tlu-ir  lo'.v -tension  windings,  so  that 
the    3-kw.    transformer   winding    will   oppose   that  of    the    15-kw. 
transformer,  the  resultant  voltage  will  be  460  minus  57.5  or  prac- 
tically 400  volts.     The  middle  point  of  the  15-kw.  low-tension 
!      transformer  gives  230  volts,  which  is  fairly  close  to  that  desired 
for  starting  the  motor. 

Note  that  the  normal  low-tension  current  of  the  15-kw.  trans- 
former at  400  volts  is  37.5  amp,,  and  30  amp.  for  the  3-kw.  trans- 
former at  joo  volts,  so  that  the  current  capacities  of  the  trans- 
formers are  sufficient  for  the  three-phase  load  of  20  kw.  at  400 
Volts,  which  correspond  to  appruximately  ;o  amp,  (20,ooo-s-i.73  X 
400).  Obviously,  two  7.5-kw.  or  one  ro-kw.  transformer  and  one 
5-kw.  transformer  might  be  substituted  for  the  15-kw.  trans- 
former and  the  3-kw.  transformer  might  be  replaced  by  a  4-kw.,  a 
S-kw.,  or  two  1. 5-kw.  transformers,  ii  any  of  these  are  available. 

45.     Obtaining  7.5  kw.  at  goo  Volts  from,  a  60-cycle  ljaoo-valt 
Circuit  with  Standard  Transformers  (H.  W.  Yoravg,,  lilec\,i\c  Jww- 
mali.—Aa   the   high-tension    voltage    oi    the   rtaateai   lf>«F»-"*» 
substantially  that  requited  and  v'ot  faUBj^MSJ  • 


transformer  i: 
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mal  the  problem  is  one  of  determining  a  method  for  obtaining  the 
secondary  voltage  of  500.  The  500  volts  may  be  secured  by  con- 
necting two  transformers  in  5.  rits  (Fig.  =  ')  1)  the  sum  of  the  volt- 
ages of  which  will  be  that  desired.  If,  then,  a  5-kw,  transformer 
connected  as  shown  for  1,000  to  400  volts  be  used  in  combination 
with  a  1.5-kw.  transformer  with  a  ratio  of  t.ooo  to  100  the  Ion- 
tension  windings  in  series  will  yield  500  volts  and  the  high-tension 
windings  in  parallel  1,000  volts  as  desired. 

The  current  required  on  the  low-tension  side  is  15  amp.  (500X 
15  =  7.5  kw.)  which  is  the  normal  current  for  the  1.5-kw,  unit  but 
corresponds  to  a  600-kw.  unit  with  a  400-volt  secondary.  That 
is,  the  s-kw.  unit  will  be  overloaded  so  per  cent.  This  is  pn- 
missible  as  the  iron  loss  is  considerably  reduced  due  to  the  lowrr 
voltage. 

High  Tension  Side 

V.--1000Y.A 


<-  WO  K ->!,  V- 100 1*-» 

$00  K- : 

Lorr  Tension  Side 
I  ffrth  Two  Transformers 


U — 10OOK--1 » 

\  l$Kw/~    \ 
Transformed 

Lor  Tension! 
Winding 

I  With  One  Transformer 


— Connec 


-ottMnin 


Instead  of  the  5-kw.  unit,  two  3-kw.  units  might  be  connected 
at  a  ratio  of  r,ooo  to  400  with  both  high-tension  and  low-tension 
windings  in  parallel  and  these  in  turn  might  be  connected  in  serifs 
on  the  low-tension  side,  with  the  1.5-kw.  transformer  above  re- 
ferred to,  and  in  parallel  on  the  high-tension  side. 

Another  method  would  be  to  employ  a  ts-kw.  transformer  ta 


high-tension  winding  when   500   volts   could  be  taken 

half  of  the  winding  as  shown.  With  this  arrangement  the  t.ooo- 
and  the  500-volt  circuit  are  in  electrical  connection  which  may  be 
undesirable. 

46.  Transforming  from  360  Volts  to  3,400  Volts  with  Standirf 
Transformers  (II.  W.  Young.  K'.r.iric.il  Journal). — The  arrange- 
ment described  hereinafter  'Tig,  27)  was  devised  for  the  emergency 
supply,  of  a  town  four  miles  distant,  from  a  360-volt  generator 
serving  rotary  converters.  A  standard  transformer  at  iso  volts 
with  a  20  to  1  ratio,  or"at  240  volts  with  a  10  to  r  ratio  gives  340a 
volts  high  tension.  (These  voltages  are  considerably  higher  than 
normal  although  permissible  in  cases  of  emergency.)  It  is  evi- 
dent that  r;o-|-J40  =  36o.  That  is  it  Vko  tia.K=\o-raievs,  «».  wwd 
with  their  high-tension  windings  in  y&ra.\\e\  tra  iaw^-j' 
their  Jew- tension  windings 


;    cotinetAsi  toi 
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the  other  for  120  volts,  the  group  will  operate  at  a  ratio  of  360 
volts  to  2,400  volts.  The  transformers  were  thus  connected  and 
■  energy  was  efficiently  transmitted  the  four  miles  at  2,400  volts. 
Note  that  full-load  current  for  the  10-kw.  transformer  at  240  volts 
corresponds  to  the  current  of  the  5-kw.  transformer  at  120  v 
thus  permitting  (tie  operation  of  the  transformers  in  series  on 
'  '    as  indicated. 


PARALLEL  OPERATION 

47.    Parallel   Operation  of  Transformers. — Transformers  will 

operate    satisfactorily    in  parallel   (Fig.   28),   that  is,  with  their 


sion   windings  respectively   connected  directly 
ts   provided — (1)  t\iey  \iavn  'Out  k.toi  iiyv>  A 
.  (a)  the  same  voltage  !a\:mKs  wi1^  'iTO™-™-1^ 
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Vhe  same  regulation.  If  the  low-tension  voltages  are  different 
the  transformer  having  the  highest  voltages  will  circulate  current 
to  those  of  lower  voltage  and  cause  a  continuous  loss.  If  trans- 
formers connected  in  parallel  do  not  have  the  same  regulation  thw 
will  not  share  [he  [ol.nl  loud  in  [import inn  to  their  ratings.  The 
greater  share  of  the  load  will  be  taken  by  the  transformer  having 
the  best  regulation. 

In  connecting  large  transformers  in  parallel,  especially  when  one 
of  the  windings  is  for  a  comparatively  low  volume,  it  is  necessary 
that  the  resistance  oi  the  joints  and  interconnecting  leads  does  not 
vary  materially  for  the  different  transformers  or  it  will  cause  an 
unequal  division  of  load. 

48.  With  transformers  of  the  same  general  voltage  and  capacity 
characteristics  connected  in  multiple  in  a  secondary  network 
(Distributing  Transformers,  A.  D.  Fishel)  little  trouble  will  be  en- 
countered as  the  impedance  of  the  line  between  two  transformers 
on  separate  poles  spaced  about  100  or  200  ft.  apart  will  normally 
neutralize  any  difference  in  the  transformer  impedances.  When 
transformers  operated  in  multiple  are  placed  on  the  same  pole 
the  question  of  equal  sharing  of  the  load  may  be  of  some  impor- 
tance. The  standard  transformers  of  reliable  manufacturers  do 
not  differ  very  widely  in  impedance  characteristics  however,  and 
it  is  usually  practicable  to  operate  transformers  of  the  various 
standard  types  in  parallel.  Often  the  commercial  desirability  of 
paralleling  transformers  of  different  sizes  will  overbalance  the  un- 
desirabilily  of  some  inequality  in  the  sharing  of  the  load  which 
might  result. 

49.  Polarity  of  Transformers. — The  windings  of  a  transformer 
are  usually  so  connected  to  the  lead:,  extending  out  through  the 

case  that  the  direction  of  flow  of  the  alter- 
nating current  or  the  polarity  of  the  ti 
former  at  any  given  instant  is  the  same  in  al 
the  corresponding  leads  of  transformers  0 
the  same  type. 

Far  example;     The   transformer  of  Pig.  2 
connect?.!  internally  that  at  an  i— '— 

ij-iri.ueh  :i 
it  Hows  outwardly  through  the  secondary  le 
'       -■    s  of  the   single-phase  tfi  in  .-for,. 


|r   Secon^ry    \\ 


r;.!ly  a 


if  the  lai 


Win, re 


ivit^.ui 


50.    The  Arrangement  of  the  Windings  of  a  Transformer  d 
not  Necessarily   Determine   its   Polarity. — Polarity — so   (   " 
has  to  do  only  with  the  plan  or  arrangement  adopted  in  t 
the  leads  out  of  the  case.     Interclian.tiiri!.;  -lie  positions  of  the  lea 
that  extend  through  the  bushings  in  the  case  will  change  the  pol. 
of  the  transformer. 
51.     Tests  for  Polarity  of  Single-pease  IranstonnMa.— 
standard  transformer  of  known  correct  ptAanV-V  a™  ol 
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io  and  voltage  as  the  transformer  to  be  tested  Is  available 
;  following  simple  method  can  be  used: — Connect  together 
:g.  s°  I)  the  high-tension  and  the  low-tension  leads  as  if  for  paral- 

operation,  inserting  a  fuse  in  one  of  the  secondary  leads.  If 
:li  transformers  are  of  the  same  polarity,  no  current  will  Bow  in 
s  low-tension  windings  and  the  fuse  will  not  blow.  If  the  trans- 
mers  are  of  opposite  polarities  tin'  lmv-lension  windings  will 
>rt-circuit  each  other  and  the  fuse  will  blow.     The  fuse  should 

sufficiently  small  that  there  can  be  no  possibility  of  injuring 
!  transformers. 

\.  method  of  testing  for  polarity  of  single-phase  transformers 
:h  a  voltmeter  is  shown  in  Fig.  30,  //.  Connect  the  trans- 
mer  as  shown.  Make  successively  voltmeter  readings  V,  Vi, 
i    Vi.     If  the   transformer  has  standard  polarity,  V+Vi  will 


Pig.  ; 


U  With  Voltmeter 


ital  Vi.  If  the  transformer  is  oj  non-standard  polarity  Fj  will 
Lial  V—Vt.  For  example,  in  Fig.  30,  //  the  transformer  is  of 
.ndard  polarity  and  the  primary  line  voltage,  V  (2,200  volts) 
is  the  secondary  transformer  voltage  Fi  (220  volts)  equals 
;  voltage  between  A  and  B  or  2,420  volts.  With  an  incorrect 
larily  the  voltmeter  I";  would  read  (2,200  —  220)  i,g8o  volts. 

52.  Polarity  of  Single -phase  Transfonners  Connected  in 
nks  on  Three-phase  Circuits  (W.  M.  McConahcy,  Electric 
urnal,  July,  1912). — A  standard  star-delta  connection  with  six 
gle-phasc  transformers  is  shown  in  Fiji.  31.  The  polarity  of  No. 
s  the  reverse  of  that  of  the  other  five.  If  the  polarity  of  all  six 
Lnsformcrs  were  the  same,  .Vu.  (>  would  be  connected  in  a  man- 
r  similar  to  that  of  No.  3  instead  of  having  the  connections  of 
e  winding  reversed.  If  the  polarity  of  all  the  transformers  is 
e  same,  all  banks  should  be  connected  to  the  line  in  exactly  the 
me  manner.  It  is  possible  to  conned  one  bank  differently  from 
e  others  and  still  secure  parallel  operation  but  I  bis  is  not.  advisable, 
cause  it  is  liable  to  lead  to  confusion  and  trouble.  It  is  best  to 
opt  one  scheme  of  const  ruction  and  to  adhere  to  it. 

53.  Some  Three-phase  Transformers  can.  ts«  p-axa!ltWL  tsA. 
me  cannot  (W.  M.  .McConahcy,  Fkrlric  J  ourimWA-j ,  \v»v£v— 

:—  r  navfng  its  coils  coD.nect.e4  in  &e\Xa.  011.  wa^"*1 
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tension  and  low-  tension  sides-  cannot  be  made  to  parallel  with  one 
connected  either  in  delta  on  the  high-tension  and  star  on  the  low- 
tension  or  in  star  on  the  high-tension  and  in  delta  on  the  low-ten- 
sion side.  However,  a  transformer  connected  in  delta  on  the  high- 
'  in  star  on  the  low-tension  can  be  made  to  parallel  with 


transformers  (having  their  coils  joined  in  accordance  with  certain 
schemes)  connected  in  star  on  the  high-tension  side  and  in  delta 
on  the  low-tension  side.  Some  three-phase  transformers  cannot 
be  made  to  parallel  (with. ml  clinnKinp  the  internal 
arrangement   of    their    coils)  with   others  using   the 


High  ■  Tension  Circuff 


for  the  two 
windings.  For  example,  a 
transformer  connected  delta 
to  delta  may  have  its  coils  bo 
interconnected  that  it  will  not 
parallel  with  another  trans- 
former connected  delta  to 
delta.  By  changing  the  in- 
ternal connections  between  the 
coils,  however,  it  will  be  possi- 
ble to  bring  out  the  terminals 
in  such  a  way  that  parallel 
operation  can  be  obtained. 

54.      How     to    Determine 
whether  or  not  Three-phase 
Transformers  will  Operate  ' 
Parallel.— If  the  transforme 
are  available  connect  them 

indicated  in  Fig.  32  leaving  two  leads  on  one  of  the  transfon 

unjoined.     Test  with  a  voltmeter  across  the  unjoined  leads. 

there  isno-voltage  between  F,  and  eor  bcl ween  F  and/ of  transfc 
Afo.  2  the  polarities  of  the  transformers  arc  \iic  same  and  the 
sections  can  be  completed  and  t\\e  tiawslnvmec*.  \m\."m  WWfiE 

If  a  voltage  difference  is  iound  beVweeu  E  ani  t  cr  v" 
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1/or  between  both,  the  polariiies  of  the  transformers  are  not 
same.  Then  nmiiiil  I  ran -former  lead  .1  suci  thsivcly  to  mains 
2  and  3  and  at  each  connection  test  with  the  voltmeter  be- 
:en  €  and/  and  I  he  legs  of  the  main  to  which  lead  A  is  not  con- 
:ted.  If  with  any  trial  connection  the  voltmeter  readings  be- 
icn/  and  e  and  cither  of  the  two  legs  is  found  to  be  o  (zero)  the 
nsformer  will  operate  with  leads  /  and  r  connected  to  those  I  wo 
s.  If  no  system  of  connections  can  be  found  that  will  satisfy 
i  condition  the  transformer  will  not  operate  in  parallel  without 
nges  in  its  internal  connections  and  it  may  be  that  it  will  not 
■rate  in  parallel  at  all.  See  another  ]>;triii:r;iph  on  this  subject, 
^or  a  very  complete  discussion  of  this  subject  and  the  descrip- 
n  of  a  method  whereby  it  can  be  determined  by  voltmeter  tests 
ether  or  not  two  three-phase  transformers  which  cannot  be 
.tight  together  for  a  practical  test  will  or  can  be  made  to  operate 
parallel,  see  article  in  Electric  Journal  for  July,  roi!,  by  W.  M. 
:Conahey.  The  above  material  is  I;ii-:;'.-i\  abstracted  from  this 
icle. 

THREE-PHASE  TRANSFORMERS 


transformer  yet  it  may  be  stated 
crally  consists  of  several  one-phase 
transformers  with  separate  elec- 
tric circuits  but  having  certain 
magnetic  circuits  in  common.  A 
three-phase  transformer  is  illus- 
trated in  Fig.  33  together  with 
the  component  one-phase  trans- 


Fia.  33. — Thrct-nhr 


rmer.  It  will  be  observed  that  a  three-phase  transformer  re- 
tires three  times  as  much  copper  as  the  one-phase  component 
insformer,  but  less  than  three  times  as  much  iron.  Thus  in 
mparison  with  three  individual  transformers  the  three-phase 
lit  is  somewhat  lighter  and  more  efficient,  la&i  ynrojw***- 
Woraier  operates  as  though  the  octets,  -*eie.  no\  -v^tW-V  «* 
r.  of  one  transformer  combining  with  tWt  <A  w.  wS^'W^  \sw«« 
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former  to  produce  a  re.iultant  flux  exactly  equal  to  that  of  each   1, 
one  alone.     Fig.  34  shows  the  interior  of  a  Weslinghou.se  three- 
phase  transformer. 

56.  Application  of  Three-phase  Transformers  (A.  D.  Fjshel).— 
For  central  stations  of  medium  sizes,  three-phase  transformers 
are  rarely  superior  10  single-phase  e\cept  where  the  larger  sizes 
can  be  applied  in  which  cases  the  transformers  are  normally  in. 
stalled  in  sub-stations  or  central  stations.  The  chief  reason  lor 
this  is  the  non-flexibility  of  a  three-phase  transformer.  It  is 
usually  purchased  for  a  particular  size  and  type  of  load,  and  if 
that  load  should  be  changed,  (he  transformer,  representing  a  com- 
paratively heavy  investment,  remains  on  the  hands  of  the  central 
station,  whereas  a  single-phase  transformer  of  one- third  the  size, 
could  usually  be  adapted  for  some  ntber  service. 

This  feature  becomes  of  less  importance  as  the  central  statioD 
increases  its  size,  and  three-phase  transformers  for  purely  power 
service  are  now  being  used  by  a  considerable  number  of  the  large 
central  stations  of  this  country.  The  three-phase  transformer 
costs  less  to  install  and  the  connect  inns  arc  simpler,  points  that  are 
of  importance  in  connection  with  outdoor  installations.  The  fact 
that  a  failure  of  a  three- phase  transformer  would  interrupt  service 
more  than  the  failure  of  one  single-phase  transformer  in  a  bank  of 
three,  is  of  little  Import  am  e  because  of  the  com  para  lively  lew  fail- 
ures of  modern  transformers.  On  the  other  hand,  especially  for 
a.ioo  volt  service,  the  single-phase  transformer  has  been  carried  to 
a  high  degree  of  perfection,  and  is  manufactured  in  much  larger 
quantities,  so  tliat  better  perform- 
■5  usual  and  it 


a  lower  initial  c 
(1912)  the  three-phas 

ing  transformer  is  1 


rv&Mri 


At  p reseat 
:  disttibut- 
1  by  central 

lation    or    less    only    for  special 
applications  and  not  for  standard 

57.  Methods  of  Connecting 
the  Windings  of  Three-phase 
Transformers  {Standard  Hand- 
book).— The  windings  of 
component  transformer  are 
Fig.  ss.— Operating  a  damaged  nected  to  the  external  circuits  jt 
three-phase  transformer,  as  though  this  component  w__. 

one-phase  unit;   that  is,  the  p 
marics  may  be  connected  either  Y  or  delta.     Moreover  the  re" 
advantages  of  the  Y-conneclion  and  the  delta-connection  are  q 
the  same  with  one  three  phase  I  r::n- former  as  with  three  one 
transformers.    The    delta- conn  eel  ion    is    advantageov.      1_ 
cases  in  that  if  the  windings  of  one  phase  become  damaged  by  si 
circuiting,  grounding  or  through  any  other  defect  it  is  possibl 
operate  with  the  other  phase  \vmd\ngs\"-coimex\e&. 
58.    In  operating  a  damaged  tlaee-otaee  XreasUsnosi  t 
coils  it  is  necessary  to  separate  lie  d3.maAj.eA  wawtoreK  • 
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electrically  from  the  other  coils,  as  indicated  in  Fig.  35.  The  high- 
potential  winding  of  the  damaged  phase  sli'mld  lie  short- circuited 
upon  itself  and  the  corresponding  1  iw  putcn  Li:i  I  winding  should  si  so 
be  short- circuited  upon  itself.  The  winding  thus  short-circuited 
will  choke  down  the  flux  passing  through  the  portion  of  the  core 
surrounded  by  them  without  producing  in  ;uiv  portion  of  the 
ing  a  current  greater  than  a.  small  fraction  of  the  current  which 
would  normally  exist  in  such  portion  at  full  load. 

AUTO-TRANSFORMERS  OR  COMPENSATORS 
5Q.  The  Auto -transformer  [Standard  SLmdhaok). — The  most 
efficient  ami  tii'oelivc  method  of  operating  a  stationary  transformer 
(when  the  ratio  of  transformation  is  not  too  large)  is  as  an  autc 
transformer;  that  is  with  certain  portions  of  tie  windings  use 
simultaneously  as  the  primary  and  the  secondary  circuit.  Tl 
electrical  circuits  of  a  one-phase  auto- transformer  (sometimi 
called  a  "compensator"  or  a  "balance  coil")  are  indicated  i 
Fig.  36.  The  auto- transformer  has  only  one  coil  a  certain  portion 
of  which  is  used  for  both  the  high- fen  si  on  and  the  low-tensi 
winding.  The  number  of  turns  of  this  coil  is  the  same  as  would 
required  if  it  were  used  exclusively  for  the  high-tension  winding  ar 
a  separate  additional  coil  were  used  for  the  low- tension  wintiin 
Moreover,  when  the  ratio  of  transformation  is  2  to  1  or  1  to  2,  tl 
amount  of  copper  in  the  one  coil  is  exactly  the  same  whether  it 
used  as  an  auto- transformer  or  as  a  high-tension  coil  of  a  two-coil 
transformer  of  the  same  'rating.  Not  only  is  there  less  copper 
required  for  an  auto-transformer  than  for  a  two-coil  transformer 
but  less  iron  is  needed  to  surround  the  copper. 


if  Fig.  36- 


Rcfcrring  again  to  Tig.  36  it  is  to  be  noted  that  the  one-coil 
designed  for  10  amp.  throughout  and  for  a  total  e.m.f.  of  100  voll 
Evidently  the  voltage  per  turn  is  uniform  throughout,  so  that 
obtain  50  volts  it  is  necessary  merely  lo  select  any  two  points  c 
the  continuous  winding  such  that  one  half  of  the  total  number  of 
turns  is  included  between  them.     The  load  current  of  20  amp.   • 
(required  for  1,000  watts  at  50  volts)  is  opposed  by  the  superposed 
10  amp.  of  primary  current,  so  that  even  in  this  section,  of  the  cail 
lie  resultant  current  is  only  JO  amp. 
If  an  ordinary  [wo-coil   Iran 'for  met  W\  Wcti  vs=kA,  \Ve  "aas»*» 
would  have  been  as  noted  in  Fig,  37  ,  wh\\t  t\vete(vi\TC&us«s.'W0K:w* 
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material  would  have  been  approximately  as  indicated  in  Fig.  3S  7. 
So  far  as  concerns  its  constructive  material,  a  i-kw..  2  to  1  ratio  | 
auto-transformer  is  the  (.■cjuivnlonl  of  a  1  to  r  ratio  0.5  kw.,  two-coil 
transformer  as  shown  in  Fig.  38,  II.  The  latter  transformer 
requires  about  74  lb.  of  copper  and  s3  lb.  of  iron  as  compared  with 
about  12  lb.  of  copper  and  34  lb.  of  iron  for  the  transformer  of 
Fig.  38,  I.  Moreover,  the  losses  of  the  auto- transformer  are 
correspondingly  less  than  those  of  a  two-coil  transformer. 


34lbIron^ 


60.     Standard    Transformers    used    as    Auto-transformers.— 

The  applications  shown  in  Figs.  30.  and  4a  are  from  Gear  and 
William's  Central  Slativn  Distributing  System.  The  connections  of 
Fig.  30,,  I  are  those  for  providing  a  no-volt  distribution  on  a  220- 
volt  system.  The  load  is  assumed  as  20  amp.  The  arrow-heads 
and  figures  indicate  the  distribution  of  current  in  the  windings. 
Obviously  a  transformer  of  a  wattage  equal  to  that  of  the  load,  is 


—  H.SOAmi 


required.  At  //  the  connections  for  a  110-220-vnlt  three-wi 
•  system  are  shown.  The  transformer  winding  carries  only  t 
unbalance  of  current  in  the  two  sides  of  the  system.  The  trans- 
former  secondary  winding  need  be  only  large  enough  to  carry  the 
largest  unbalance  that  is  likely  to  occur.  \ti  \iit  ■mwinA'i,  o\  W& 
fandfl  the  transformer  primaries,  ateVeU.  Open  « 
Figure   40   shows   other   arranfcemet 
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arrangement  that  can  be  used  in  a  440-volt  plant  where  no-2:t 
voir  lighting  is  required.  Two  transformers  are  connected  i.. 
series  with  their  second. icy  windings  in  scries  and  their  primary 
windings  in  parallel.  It  is  important  that  the  primaries  be  in 
parallel  as  the  second  transformer  will,  if  the  primaries  are  left  open, 
act  as  a  choke  to  the  lighting  current.  For  a  no-220-vc.lt  system 
as  shown,  transformers  each  of  capacity  equal  to  the  load  are  re- 
quired.    A  similar  no-volt  distribution  system  requires  that  the 


Fig.  40, — Standard  transformers  used  as  auto- transformers. 

transformer  on  the  side  on  whieli  [In.-  lights  are  connected  have  a 
capacity  of  1.5  times  the  load  and  the  other  one  must  carry  half 
the  load,  making  the  total  rapacity  twice  the  load. 

Figures  40,  II,  III  and  IV  show  respectively  methods  whereby 
1,040,  2,(100  or  3,1 20  volts  can  be  secured  from  a  2,080-volt  system 
by  the  use  of  two  transformer-  in  scries  mi  the  primary  side  and  in 
multiple  on  the  secondary  side. 
61.    A   common   application   of    the    attto-taaffls!UsMss«*   vi  «a  » 
balance  coil  in  a  three-wire  distribution  tiotn  a  V*ja-~n"iw  wse\» 
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as  indicated  in  Fig.  41,  /.  In  this  diagram  the  supply  is  i 
volts,  two-wire  and  b  2  to  1  ratio  auto- transformer  allows  tfi 
tribution  to  be  at  100  +  100  volts,  three-wire.  In  Fig.  41,  J 
supply  is  at  ido  volts,  two-wire,  while  a  1  to  2  ratio  auto- 
former  permits  distribution  ;>t  100-r  100  vol  Is,  three  wire. 

When  used  on  a  220-volt  two-wire  circuit  to  provide  a  three-iri 
no-volt  system,  the  balance  coil  maintains  balanced  volta 
between  ihe  two  sides  of  the  system  regardless  of  load  conditi 
provided  its  capacity  is  not  greatly  exceeded. 

6a.  Capacity  and  Ratings  of  Balance  Coils. — The  capacity  c 
halance  coil  for  three-wire  service  is  determined  by  the  unbal 
load  or  the  difference  in  load  between  the  two  circuits, 
example,  if  there  arc  50  lights  on  one  side  of  the  coil  and  too  o 
the  other,  the  actual  load  on  the  coil  is  50  lights.  If  there  are  jo 
lights  on  ime  side  and  1  ^o  on  the  other,  the  load  on  the  coil  is,  1 
before,  50  lights;  i.e.,  the  difference  between  the  loads  on  the  Iw 


its  determines  the  load  on  the  coil.  Or  slating  it  in  another 
way:  The  kva.  capacity  of  a  coil  represents  the  normal  unbalancing 
allowable  lie!  ween  the  side  circuits. 

The  reason  for  this  is  that  only  the  unbalanced  current  flows 
through  the  coil,  and  on  this  account  a  balance  coil  may  be  placed 
on  a  circuit  supplying  any  number  of  lights,  provided  that  the 
difference  between  the  loads  on  list  two  circuits  docs  not  exceed 
the  capacity  of  the  coil.  In  selecting  a  three-wire  balance  coil, 
one  having  a  capacity  sullicient  for  supplying  one-half  the  total  num- 
ber of  lights  on  the  tw-  ■  i:  ■.■;■■■  -en.  so  thai  .1!! 
the  lights  on  one  circuit  may  be  turned  off  without  overloading 
the  coil.  This,  however,  is  a  very  conservative  rating  and  if  accur- 
ate data  regarding  the  operating  conditions  of  the  coil  ace  obtain- 
able, a  smaller  si^c  may  trcqc.crilly  lie  used.  It  is  probably  more 
frequent  practice  to  consider  that  the  unbalance  will  be  10  per  cent, 
and  for  this  condition  a  coil  of  a  capacity  equal  to  10  pet  cent,  of 
the  total  load  on  both  side  circuits  is  used.  Hut  even,  with  the  above 
conservative  rating,  (he  balance  coil  is  lower  in  first  cost,  lighter 
in  weight  and  much  more  efficient  in  operation  than  a  transformer 
with  separate  primary  and  secondary  windings.  The  kva.  rating 
of  a  five-wire  balance  coil  represents  the  maximum  unbalancing 
allowable  between  any  two  side  citcuks. 
The  internal  losses  in  the  balance  c<A\,>ra\-tv  oto' 
in  the  windings,  are  much  less  Vhaa  in  *  Wjo-«A  \xm«S.< 
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equivalent  service.     This  comparison  between  the  two-coil  trans- 
former and  the  balance  coil  holds  in  a  general  way  fur  all  classes 
if  service,  regardless  of  the  ratio  of 
tansformation. 

63.  Commercial  balance  cods  are 
isually   oil  cooled  and   mounted  in 
ransformer   cases    (Fig.   41).      The 
oi!  most  in  demand  is  one  for  sup- 
lying    a    rio-j;o    volt    three-wire 
ircuit   from    a  110-  or   a    220-volt 
lain.     Coils  for  440  to  220  volts  a: 
rcquently  furnished.     Balance  coils  <■ 
>r   supplying   five-wire  circuits 
ccasionally  made.    They  may  be  for 
se  on  440-volt  circuits  and  have  two 
utsidc  and  three  intermediate  leads, 

total  of  five  in  all. 

64.  Another   application    of    the 
uto -transformer    is    as    a   starting 
ompensator    for  alternating-current 
notors.     The   compensator  supplies  »» 
.  reduced  voltage  to  the  motor  cir- 

uils  while  the  machine  it  ;i  federating  from  rest.  Ordinarily  each 
,u to- transformer  is  provided  with  several  taps  so  that  a  number 
if  low  voltages  may  be  obtained. 
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65.    A   starting  compensator    arrangement  for  1 

induction  motor  (Standard  Handbook)  is  shown  in  Fig.  43* 
are  two  auto- transformers,   the  two   separate  phase  linflj 
connected  to  the  ends  of  the  separate  auto-transformer^ 


j-^w(wOTff0ffiri 


Atrfo- Transformer 


v^OAQAQQQQO^QJ 


Fig.  45. — An  auto-transformer,  three-phase,  starting  compena 

During  the  starting  period  the  motor  is  connected  between 
the  ends  and  two  intermediate  taps.     Fig.  44  shows  a  i 
compensator  arrangement  for  a  three-phase  induction  moto 
three  auto-transformer  windings  are  Y-connected  and  low- 
points  are  permanendy 
A   A  "    along  each  leg  of  the  Y. 
necessary  to  employ  thn 
transformers  for  starting 
phase   motor;    two  V-cc 
auto-transformers  are  qui 
factory  for  this  purpose, 
shows    two    V-connectw 
transformers  for  starting 
phase  induction  motor  a 
ating  it  at  four  different  ^ 
66.    The  coils  of  a  tare 
transformer  can  be  conn< 
operation  as  an  auto-tran 
equally  as  well  as  can  tl 

FlG-  46^LC.°tnrannsfo^rree-pllaSe    °ne-phase  .transformer. 

terconnections  would  0 
be  by  the  Y-method  although  the  delta-method  or  a  com 
of  the  Y-  and  delta-methods  may  be  used.  Fig.  46  repi 
Y-connection  for  auto- transformer  operation. 

TRANSFORMERS  OF  SPECIAL  FORMS 

67.    Transformers  and  Auto-ttaDsioTmax^  tor  Sign  Lij 

Low-voltage  tungsten  lamps  costYess.  a.Tv&\v*v^  *\xa&%«x 

consequently  longer  lives  than.  Yiave  \\^>  vo\\a.^to 

lamps' of  a  voltage  of  about  10  £*J^^^£ 

produce  this  low  voltage  irom  ottowy  **>-  ox  w» 
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1_  1,  small  transformers  or  auto- transformers,  especially  made 
ae  purpose  by  several  manufacturers,  are  used.  The  trans- 
s*rs  are  sometimes  called  economy  coils  and  the  auto-trans- 

;rs  are  sometimes  called  compensators.  The  transformer  is, 
kxeral,  lo  be  preferred  to  the  auto  transformer  because  with 
ransformcr  (he  secondary  circuit  is  insulated  from  llie  primary 
a  removes  the  liability  of  trouble  from  grounds  on  the  second- 
-ffecling  the  primary  and  largely  removes  the  liability  of  shock 
the  high-voltage  secondary  circuit.     See  material  on   sign 

se  transformers  are  made  of  capacities  of  from  250  to  3,000 
s.  As  the  normal  voltage  on  a  low-voltage  sign  is  relatively 
"  low  it  is  desirable  that  the  length  of  conductor  between  a 
md  its  lamps  be  maintained  at  a  minimum.  This 
1  by  using  several  small  transformers  mounted  at 
=rent  points  on  a  sign  rather  [lian  one  large  one.  Slate  bases  are 
Jired  by  local  rules  hi  certain  cities  for  sign  transformers  and 
D-transformers. 

S.  The  current  transformer  {Standard  Handbook)  sometimes 
arrectly  referred  to  as  a  "series  transformer,"  considered  elec- 
ally,  and  omitting  any  reference  to  1  he  change  in  its  design  to 
omplish  its  specific  duty,  dilTers  from  the  shunt  or  potential 
asformer  merely  in  the  method  of  use.  The  latter  transformer 
wdinarily  supplied  with  a  constanl 
ng  changed  by  varying  the  impe- 
ice  (load)  of  the  total  secondary 
aiit,  while  the  total  impedance  of 
secondary  circuit  of  the  former 
nsformer  is  normally  held  constant 
I  the  change  in  load  is  clue  to  a 
.idtaneous  change  in  the  primary 
rent  and  e.m.f.  In  the  shunt 
nsformer  the  actual  ratio  of  the 
maty  to  the  secondary  current  is 

minor  importance  while  every 
irt  is  made  to  so  design  the  appa- 
lls that  the  ratio  of  the  secondary 
ver  to  the  primary  power  is  as 
rly  unity  as  possible.  In  the 
jgn  of  a  series  transformer  no 
ught  whatsoever  is  given  to  the 
io  of  the  primary  and  secondary  \ 
ted  on  the  endeavor  to  obtain  a  definite  ratio  of  secondary  to 
maty  amperes. 

19.  The  electric  and  magnetic  circuits  of  a  series  transformer 
1  conveniently  be  represented  by  the  diagram  shown  in  Fig.  47, 
ere  it  is  used  for  reducing  the  line  current  to  a  value  wi&aMa 

measurement  by  a  low  reading  ammeter,  viYicYi  tna.^  \it -c&ot- 
Jp/v  Insulated  from  the  main  circuit.     Note  tto  tiws  cvasw**- 
ugh  the  ammeter.  A,  is  less  than  the  line  ciKttTvt  U,\>Y  **.< 
rurrent  and  the  exciting  current   taken  in  ptop«  ^Yvssfc^ex* 
Application  of  the  Current  Transforms.— ^^^  aXy 


impressed  voltage,  the  load 
Axmeftr 


-Primary  Winding 
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■oils)  movable  with  respect  to  the  primary,  and  a  core  of  low 
nagnetic  reluctance.  It  depends  for  its  regulation  upon  the  mag- 
ietic  leakage  between  the  primary  and  secondary  coils. 

Consider  first  the  primary  coil;  with  constant  e.m.f.  impressed 
Ipon  this  coil  the  total  magnetism  within  the  coil  will  be  practically 
onstant  under  all  conditions.  The  e.m.f.  Reiterated  in  the  second- 
ary will  depend  upon  the  strength  of  the  field  which  it  surrounds. 
n  all  types  of  stationary  transformers  the  secondary  current  is 
►pposite  in  general  lime  dirci  lion  to  the  primary,  so  that  not  only 
s  there  11  repulsive  thrust  between  the  two  mils  hut  there  exists  a 
:onsiderahle  tendency  for  the  magnetic  lines  from  the  primary 
:o  be  forced  out  into  space  without  penel  rating  the  secondary. 
ji  the  ordinary  constant  potential  transformer  the  repelling  action 
Detween  the  two  currents  is  prevented  from  producing  motion  of 
;he  coils  by  the  rigid  mechanical  construction,  while  the  proximity 
:>(  the  primary  and  secondary  coils  limits  the  magnetic  leakage. 

In  the  constant -current  transformer,  however,  the  repelling 
action  is  utilized  to  adjust  the  relative  positions  of  the  primary  and 
secondary  coils;  when  the  coils  an 
the  leakage  lines  are  increased  and 
the  lines  which  the  secondary  sur- 
rounds are  fewer  than  when  the 
coils  are  quite  near  together. 
The  counter  weights  mechanically 
attached  to  the  movable  coil  {or 
coils)  are  so  arranged  that  when 
the  desired  current  exists  in  the 
secondary  coil  (independent  of 
its  position  along  the  core)  the 
weights  are  just  balanced.  An 
increase  in  the  current  increases 
the  repulsion  and  causes  the  coils 
to  separate.  With  any  current 
less  than  normal,  the  repelling 
force  diminishes  and  the  primary 
and  secondary  coils  approach 
each  other  thereby  restoring  the 
current  to  normal.  The  primary 
can  be  wound  for  any  reasonable 
potential  (say  as  high  as  10,000 
volts)  while  the  secondary  can  be 
wound  for  the  voltage  required  for  operating  the  arc  lamps — from 

73.  Mechanical  Construction  of  the  Constant-current  Trans- 
former.— The  magnetic  circuit  of  a  constant-current  Irani-former 
is  usually  of  the  "shell"  type,  the  three  limbs  being  placed  vertically. 
In  small  sizes  (.big.  4.*:  one  of  the  coils  is  arranged  in  a  lixcc!  position 
while  the  other  is  movable.  In  some  of  the  larger  sizes  there  are  two 
fixed  primary  coils  and  two  movable  secondary  coils,  while  in.  others 
both  the  primary  and  secondary  coils  are  movaXAe.  \ri  axvj  «n«s* 
he  gravitational  action  on  the  movable,  cofi  01  t\\e  (gttrfftaSta™- 


Fig.  4!.- 


1  ofo 


sable  coil  against  another  to  'MtatV'tf 


tea 
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ically  interconnected,  is  counter- balanced  accurately  with  an  excess 
deficiency  just  equal  to  the  repulsive  thrust  of  the  primary  anil 
secondary  coils  at  the  desired  load  current.  By  the  use  of  cam 
mechanisms  tor  the  munlcr- weights,  or  of  eccentrically  placed 
extra  weights,  the  excess  force  of  the  counter- weights  may  be  ar- 
ranged to  be  equal  to  the  variable  repulsive  thrust  corresponding 
to  a  constant  value  of  current  in  the  coils  at  all  positions  of  the 
movable  coils.  In  fact,  the  transformer  may  be  adjusted  to  regu- 
late for  a  current  of  constant  value  at  all  loads  or  for  one  which 
either  increases  or  decreases  with  increase  of  loads,  while  both  the 
real  value  of  the  load  current  and  ils  rale  of  change  with  the  varia- 
tion in  load  may  be  adjusted  at  will.  In  order  to  prevent  any 
"hunting"  action  of  1  lie  movable  coils  <:i.ic\\  transformer  is  some- 
liiiu-s  equipped  wilh  a.  dash-pot.  (See  Fig.  48.) 
74.    Commercial  constant  Tcurrent  transformers  arc  built  fi 


natural  air  cooling  or  for  ii 
cellent   medium  for  insulation, 
cooling  and  lubrication.     This 
type   of  transformer  is 
sively   used   for   series 
lighting  service  with  either  ; 
or  incandescent  lamps.     It 
frequently  employed  in 
tion    with   mercury- va 
tifiers     for     operating 


r  oil.     Oil  has  proved  a 


connected  direct -cur  rent  lamps.  The  efficiency  of  a  constant- 
current  transformer  is  high,  being  about  y6  per  cent,  at  full-load 
for  a  100-lamp  transformer.  The  power  factor  which  depends 
upon  the  magnetic  leakage,  is  iow  at  all  loads;  it  reaches  about 
So  per  cent,  at  full-load  and  decreases  therefrom  in  almost  direct 
proportion  to  (lie  decrease  in  load. 
75-  The  induction  regulator  (Vic,.  v,l  is  ,1.  sVcvvA^o\  Wots 
former,  built  like  an  induction  mam  wAxw*""^""11" 
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which  is  used  far  varying  [he  voltage  delivered  to  a  synchronous 
converter  or  alternating-current  feeder  system.  In  comparison 
with  a  variable- ratio  transformer  it  possesses  the  advantage  of 
being  operated  without  opening   the  circuit  and  without  short- 

lirvuhiNg    ;iiii    I rinisfiirmcr   eoil.     The    ririmarv    <,i    r. In-    induction 

1        off 


regulator  is  subjected  to  the  constant  voltage  of  the  supply  system, 
the  delivered  voltage  obtained  from  the  secondary  winding  being 
varied  by  rotating  the  primary  structure  through  a  certain  number 
ol  degrees  with  reference  to  the  secondary  structure.  The  primary 
Structure  is  normally  stationary,  although  it  is  movable  either 
automatically  or  bv  hand  for  the  purpose  of  varying  the  secondary 
voltage. 

76.     The  step-by-step  potential  regulator  is  merely  a  stationary 
transformer  provided  with  a  large  number  of  secondary  taps  and 

Suippcd  with  a  switching  mechanism  for  joining  any  desired  pair 
these  taps  to  the  deliver)  dicuil  according  to  thee.m.f.  required. 
A  diagram  of  the  circuits  of  a  regulator  of  this  type  is  shown  in 
Fig.  50.  In  comparison  with  the  induction  type  of  regulator  the 
Step-by-Step  type  isle?:-  noisy  in  operation,  requires  less  magnetizing 
current  and  is  more  rapid  in  ae-tion.  However,  it  provides  only  a 
limited  number  of  voltage  steps  and  may  give  trouble  from  arcing 
at  the  switch  contacts. 


INSTALLATION  OF  TRANSFORMERS 

77.  Brief  of  Underwriters'  Rules  Covering  the  Installation  of 
Transformers  (I-ailary  Mulmil  Fire  Insurance  Companies'  Wiring 
Rules). — Where  transformers  arc  to  be  connected  to  high-voltage 
circuits,  the  local  Inspection  Department  should  always  be  con- 
sulted before  work  is  begun  or  i  lie  apparatus  is  purchased,  as  it  is 
necessary  in  many  cases  for  best  protection  to  life  and  property, 
that  the  secondary  system  be  permanently  grounded,  and  this  can- 
not be  done  unless  provision  is  made  for  it  when  the  transformers 
are  built. 

Transformers  should  always  be  located  outside  of  buildings,  un- 
less special  permission  is  given  to  put  them  inside.  In  general,  it 
is  dangerous  to  bit ;!  1  c  transformer-  with  nil-lilled  cases  inside,  as 
it  is  entirely  possible  for  a  break-down  oi  insulation  to  ignite  the 
oil,  which  may  result  in  a  very  stubborn  tire.  For  the  same  reason, 
the  placing  of  these  transformers  on  routs  is  also  objectionable. 

Even  transformers  which  are  not  oil  cooled  may  contain  a  con- 
siderable amount  of  combustible  material  which,  if  ignited,  would 
make  a  hot  lire,  especially  if  the  eases  are  ventilated  as  is  customary 
with  these  types  of  transformers.  Moreover  a  burn-out  in  the 
windings  may  cause  dense  smol:e,  whii  b  tr.ighl  easily  be  mistaken 
for  a  fire  and  cause  lire  streams  to  be  thrown  into  the  building, 
with  a  resultant  water  damage.  They  can,  therefore,  be  permitted 
inside  oi  buildings  only  after  the  >  in  uniMAmce^\y,\\t'vie>;lvta.v&,S&i 
considered  and  the  necessary  safeguards  yrovicieA. 
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78.    Size  and  Capacity  of  Transformer  Fuse  Wire 

(WtfH»tho*se  Electric  &  Mttnujucturing  Co.) 

Capacity  amp.™ 

Z2?32t%* 

Capacity 

Aluminum         1 

4  to  10 

Jsij 

j6 

=  5  M30 

Na.  10          1 

a!  to  4 

79.     Sizes  of  Primary  Fuses  Recommended  for  Transformers  of 
Different  Ratings 

(Celt era!  Electric  Company) 


Primary  volts 

Transformers  leva,  capacity 

A„Sra';'.°tw 

Amit/;!™,, 

I 

■ 

, 

il 

S 

s 

S:| 

i 

10 

80.  Mounting  Distributing  Transformers. — Units  of  the  smaller 
capacities  arc  supporter,  on  poles  on  cross-anna  in  accordance  with 
instructions  furnished  by  their  manufacturers.  Gear  anil  Williams 
recommend  that,  for  transformers  of  capacities  larger  than  20  kw., 
double-cross  arms  should  be  used  at  the  top  as  the  top  arms  carry 
most  of  the  weight.  "Where  the  installation  consists  of  three 
15-kw.  or  larger  transformers  it  is  advisable  to  use  a  larger-sized 
cross-arm  than  the  standard.  An  arm  having  a  cross-section  of 
4  in.  by  si  '"■  has  been  found  ample  for  installations  aggregating 

"Where  a  large  amount  of   power  is  needed  which   requires  a 

number  of  ro-kw.  units  which  cannot  be   conveniently  installed 

loskie  of  the  building,  they  can  be  s&lebf  a.rA  ttM-resnee&i  ™,\s»fii 

■  on  a  platform   between  two  or  more  pc.\c*  m.  *im  ™  ^Vsj, .  v.. 

The  use  of  units  larger  than  50  kw.  is  lauaSs  wA  a&nsaM*  «,  **- 
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o  heavy  as  to  be  Inconvenient  to  handle  and  replacing  them  in 
;of  a  burn-out  is  a  considerable  task.  A  phi  (form  for  supporting 
x  50-kw.  units  can  be  built  by  bolting  in  Rains,  between  two 
:s,  2-3  in.  Xio-in.  planks  and  nailing  to  them  a  floor  of  2-in. 
ik." 

Methods  of  Hanging  Transformers.— The  methods  of 
in  ting  transformers  described  and  illustrated  in  the  followine 
igraphs  were  taken  from  the  Report  eif  Ike  Committee  on  Overhead 
c  Construction  of  the  Pennsylvania  Electric  Associat:on,  Sept.  3. 

H.  N.  M  tiller  of  the  Alleghany  County  Light  Company  of 


tsburgh  was  chairman  of  the  committee  and  the  practices  out- 
dare those  followed  by  tio  Alleghany  Company.  The  methods 
vide  ample  clearances  for  linemen  climbing  the  poles  and  assure 
I  the  wiring  will  remain  in  place  and  not  give  trouble  from  short, 
uits.  Platforms  are  recommended  for  supporting  the  larger 
isformers  because  of  the  accessibility  for  repairs  or  replacements 
t  they  provide. 

i.  Method  of  Mounting  Single  Transformers  of  from  i-fo  4- 
l.  Capacity. — The  transformer  should  be  supported  by  the 
1  hangers  furnished  by  the  manufacturer  and  hung  at  the  central 
it  on  the  cross-arm  and  not  out  on  the  arm  away  from  the  pole, 
■he  bottom  of  the  hanger  a  section  of  an  arm,  not  longer  than  the 
neter  of  the  pole,  should  be  fastened  to  the  pole  with  two  lag 
:s.  The  transformer  tan  be  hung  on  [he  bottom  arm,  if  one  is 
place  and  supports  lines,  provided  this  arm  is  in  the  second 
!  or  a  Jon-er  one.  The  primary  mains  lecil!m%  fet  \s*»&»«sa** 
Id  be  on  an  upper  arm. 
installations  where   the   transformers  are.  mow  ,lWv   O 
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rovidc  equivalent  nieiiijnh  ;il  stn-nt'lh  wi!l  be  un necessary. 
:>  insure  a^iinsl  a  transformer  falling  off, 
[ethod  of  Mounting  Two  20-kva.,  Two  30-kva.  or  One 
Transformer.  (Tig.  57.) — I'or  transformers  of  these  capaci- 
igle-pole  platform  is  rem  m  mended.  The  bearas  for  the 
should  be  4  in.  X6  lb.,  channel  iron  8  ft,  long.  The 
ied  are  a  single  piece  of  angle  iron  3XaX$  in.  bent  in  a 


■  Double  pole  pis 


Pine  or  oak  planks  jX  12X24  in. 'are  to  be  laid  across 
ael  irons  for  the  transformers  to  rest  upon.  The  wooden 
is  to  be  held  together  by  a  jX;  in.  strip  of  wood  running 
tsideof  the  channel  iron,  1.0  whirl]  I  lie  planks  arc  secured  by 
d  si  raws  or  20-pcnny  nails. 

[ethod  of  Mounting  Three  20-kva.,  Three  30-kva.,  Two 
•r  Oneso-kva.  Transformer.   (Fig.  sM— '\,i\t'vdWs»'3siSBiA- 
"  ro  ft.  apart  on  centers.     The.  rn.i'm  i:ta™V\»M,^fc''»; 
.  jo  It.  6  in.  over  all.     Bra.ces  a.te  oi  3  \tv.  X^-  dosss^ 
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Physiological  F< 
&  the  principles  of 
astand  the  mechani 
B- 1  (From  Primer  «f  /Hi 
neering    Society)     * 
ar  if  it  were  cut 

i  of  seeing,  the  lien; 
s  through  the  cornea,  pej*3, 
lens  of  the  eye  to  the 

as  in  a  camera  light  _.. 
jgh  the  lens  to  the  senatbed 
The  picture  is  formed  on 
retina,  which  is  a  layer  made 
if  the  ends  of  nerve  fibers 
h  gather  into  the  optic 

go    directly    to    the   brain. 

optic  nerve  sends  along  the  picture 

he  eye,  unlike  that  of  the  ca 

biess  to  focus  or  make  a  dear  image  or. 
bent  distances.  This  focusing  action  i: 
I  of  the  eye,  and  when  the  fight  is  d 
'\t  vainly  hunts  for  some  focus  which 


called  the  uxoonaadft- 

■  '-T  bic  -.'-;  tm  .r-z 
objects  look 


I  wd  gets  tired  in  trying  to  do  it.    The  muscles  which  move 
H  about  also  get  tired  in  the  same  way  and  the  result  is  eye- 
(>,  which  stirs  up  pain  and  headache  just  as  any  other  ov«-tis«A 
if  the  body  may  set  up  an  ache. 

fa  I  which  gives  the  eye  its  color)  serves  to  regiAaXe  ^* 
tutlifrhi  whirl,  renrhes  the  eye.     In  very  dim  light  vt  <i\>etia 
"■"»/  big,  as  shown  in  Fig.a,    and  in  very  brv&\«. 
843 
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light  it  shuts  up  as  shown,  and  thus  keeps  out  a  flood  of  hril 
light  which  ought  hurt  the  retina.     The  protective  action  oi 
pupil  is  pretty  good,  but  by  no  means  complete,  for  it  seldom  gels 
smaller  than  shown  in  the  il  his  I  rat  ion,  however  bright  the  light 
From  a  study  of  Fig.  2  we  may  deduce: 

(a)  When  trying  to  sec  any  object,  do  not  allow  a  light  to  shine 
into  the  eyes,  nor  fare  a  brightly  lighted  area.  In  addition  to  tiring 
the  retina,  the  superfluous  light  causes  the  pupil  to  contract,  » 
that  less  light  from  the  illuminated  object  reaches  the  retina.  An 
object  which  would  seem  well  lighted  in  a  loom  with  dark  walls, 
and  no  light"  shining  in  the  eyes,  trill  appeal  poorly  lighted  in  1 
■bright  room  with  light  w.- 11-.  .,r  when  a  light  i-s  uhining  in  the  eyes, 
simply  because  the  pupil  is  smaller.  This  also  explains  why  a 
higher  light  intensity  is  necessary  in  the  day  time  than  at  night 
It  is  generally  easier  to  read  with  the  same  light  source  in  a  room 
having  dark  walls  than  if  the  walls  are  light  in  color — though  the 
total  illumination  on  the  page  will  probably  be  less.  Reflected 
light  from  glossy  paper  ;ii-odurcs  the  same  effect  as  light  surround- 
ings. The  effect  produced  by  a  light  shining  directly  into  the 
eyes  is  termed  glare. 

(b)  A  fluctuating  light  causes  the.  pupil  to  be  constantly  changing. 
This  is  very  tiring  to  the  muscles  which  control  the  iris,  and  & 
long  continued  may  even  work  a  permanent  injury. 

(c)  The  lens  of  the  eye  is  not  corrected,  as  is  a  photographic  lens, 
for  color  variations.  It  cannot  focus  sharply  red  and  blue  ligb! 
from  the.  same  object  simultaneously,  although  this  is  ordinarilj 
not  noticed.  As  white  light  is  composed  of  all  colors,  it  follows  that 
we  can  see  more  clearly,  i.e..  objects  appear  sharper  and  more 
distinct,  by  a  monochromatic  light  (light  of  only  one  color)  than 
by  even  daylight.  The  light  from  the  mercury  vapor  lamps  closely 
approximates  this  condition. 

(d)  Illumination  should  be  uniform;  otherwise  the  eye,  ...  _. 
tinually  attempting   to  adapt  itself   to   the   unequal   condition!, 
becomes  tired  in  the  same  way  as  with  a  fluctuating  light. 

Correct  illumination  enables  one  to  see  clearly  with  minimum 
tiring  of  the  eyes.     To  secure  this,  all  the  above  conditions 
satisfied. 

2.  A  line  of  vision  is  a  line  drawn  from  a  given  point  to  an  as- 
sumed natural  position  of  the  eye  of  an  observer.  When  a  lamp 
is  concealed  from  the  eye  of  an  observer  by  a  reflector  the  lamp  1* 
out  of  the  line  of  vision  of  the  observer,  but  if  the  observer  changes 
his  position  until  be  can  see  the  lamp  then  it  is  in  his  line  of  vision. 

3.  Visual  Acuity.— Experiments  have  shown  that  if  the  intensity 
of  illumination  is  gradually  increased  the  following  facts  are  notice- 
able: Fir  ft,  that  a  certain  delinit.e  intensity  of  illumination  is  re- 
quired before  the  object  can  be  distinguished;  second,  that  as  the 
intensity  of  iliumitiain.'ti  is  increased,  the  visual  acuity  is  increased 
in  proportion,  that  is,  the  object  becomes  more  easily  seen,  up  toa 
certain  intensity  of  illumination;  third,  that  beyond  a  certain  point, 

increasing  the  intensity  oi  uAurniTialum  Ace's,  to*,  result  in  a  propor- 
tiona.1   increase   in  visual  acuity.    tWs>  ia  *°        ~ 
Fig-  3-     it  is  therefore  apparent  that,  raws  *» 
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ol  illumination,  depending  on  conditions  and  purpose,  is  wasteful, 
in  that  It  docs  n't  nuike  ihisiirs  any  more  clearly  seen. 

4.  Effect  of  Daylight  on  Illumination. — Daylight  is  so  much 
more  intense  than  artificial  ilHmiiiialirin  thai  il.  makes  artificial 
lighting  appear  dim  by  contrast.  Experiments  show  that  when 
some  daylight  is  present,  from  50  to  too  per  cent,  greater  intensity 
of  illumination  is  required.  This  is  because  the  eye  gets  used  to 
the  high  intensity  oi  illumination  on  all  objects  by  daylight,  and 

■  -.V,.-. 

5.  The  intensities  of  natural  illumination  (Bell,  Standard 
_  Handbook)  vary  very  greatly,  ranging  up  or  down  according  to 

relation    of    the    point 
considered  to  windows 
and  sunlight.     The  in- 
tensity  of    the    diffuse    J" 
illumination     near     a    3 
south  window  may  rise    _ 


to 


1    ft-c 


with  less  brilliant  1 
posure  it  may  be  10, 
S  or  3  ft-c,  and  so 

down  as  one  passe? 
less  favorable  posii  i 
and  gets  down 


nttle 

■^r 

jf 

/$ 

e  of  vi 


foot-candle.  The  illumination,  for  example,  where  this 
paragraph  is  being  written  near  a  west  window  on  a  rainy  day  is 
about  3  ft-c,  while  10  ft.  further  within  the  room  it  has  fallen  to 
less  than  0.5  ft-c.  by  which  it  is  difficult,  to  read  coarse  print.  So 
far  as  ordinary  work  gars  any  illumination  above  -ay  2  I  t-c.  is  about 
equally  good.  When  daylight  drops  materially  below  this,  on 
to  resort  to  artificial  light,  and  there  is  a  strong  tendency  ti 
much  more  than  is  necessary  to  the  detriment  of  the  eyes.  Under 
a  desk  lamp  an  illumination  oi  Toil  c.  is  not  an  exceptional  amount, 
but  it  is  more  than  double  that  which  can  generally  be  advantage- 
ously utilized  by  the  eye. 

6.     Direct  lighting   is   that  wherein  the  light  s 
and  the  light  is  distributed  directly  from  it. 


,_  Indirect  fighting  is  that  form  wherein  the  light  source  is 
entirely  hidden.  The  light  is  projected  10  Li  10  ceiling  and  walls 
from  which  it  is  reflected  downward. 

7a.  Indirect  Compared  with  Direct  Lighting  (H.  W.  Shalling). — 
Obtaining  a  large  portion  oi  the  illumination  indirectly  has  the 
following  disadvantages  as  compared  with  direct  lighting. 

(1)  Lower  efficiency;  (0  produce  a  s;iveu  ilk:  mi  nation  requires 
about  twice  as  much  light  with  indirect  lighting  as  with  efficient 
direct  lighting. 

(2)  More  rapid  depreciation  due  to  the  collection  of  dirt. 

(3)  A  lower  degree  of  perspective,  since  sharp  shadows  are  largely 
eliminated. 

(4)  An  unduly  brigbl  ceiling  which  oiten  pvra  ot  "aa^fiasaa 
psychological  effect ,  especially  when  the  opac\vve  vmiv  ci\  ■Onuvr.S-ix' 

fighting  forms  a  contrast  with  the  brightly  VigYited  cevcvcej,. 
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8.  The  three  fundamental  quantities  upon  which  the  art 
illumination  is  based*  are: 

i.  Intensity,  or  luminous  intensity,  which  defines  the  Bgktffl 
|H)\ver  of  a  source  and  which  is  measured  in  candle-power. 

2.  Illumination,  or  light-flux  density,  which  is  measured  ink 
candles. 


•Canopys  ■ 


^ 


••'Bowl 
Supports 


.-Bowh 


Four-Bowl  Fixture 


Inexpensive 
Fixture. 


.      ImaiKlttctat lamp 
<K   <j.    Nominal  tOndkfripr  A 


Omamtntal  Fixture. 

Pig.  4. — Examples  of  fixtures  for  indirect  lighting. 

3.  Intrinsic  brilliancy,  which  is  measured  by  the  lumino 
tensity  per  unit  of  area  and  in  candle-power  per  square  inch. 

9.  Candle-power. — The  light-giving  power  of  a  lun 
sou  roe  is  expressed  in  candle-power.  It  is  determined  by  com{ 
the-  lamp  either  with  a  standard  maintained  by  the  National  B 
of  Standards  at  Washington,  D.C.,  or  with  a  well-seasoned  lam 

has  been  accurately  mea 
to  this  standard  and 
serves  as  a  secondary  stai 
A  light  source  generally 
more  light  in  one  dir 
than  it  does  in  another. 
Fig-  S-)  Thus  a  direct-c 
arc  lamp  gives  more  li| 
an  angle  45  degrees  bel< 
horizontal  than  in  any 

Fig.  5. — Actual  candle-power  inten-     direction.      The  candle- 
sities    in    different    directions    from   a     of     a     lamn    thprpfnrp 
«£,,     carbon-fluent    incandescent     ^tfinf^X  di. 

is  also  specified.    The  c 
power  generally  is  different  in  different  directions. 

10.  Mean  Horizontal  Candle-power.— The  average  of  the  c 
powers  of  a  lamp  in  all  directions  in  a  horizontal  plane  is  call 
mean  horizontal  candle-powei.    lxic&Ttdgsrant  lamps  were  fo 

rated  by  their  mean  horizontal  cann\&-,'sfcro«.   *Y'w*\mh^ 

thf>  same  (mean  horizontal)  candle-po^e*  tcwj  VSb»&  sm&k 

ii*  Jight-giving  powers  above  an&AaeVy**  >^\fis&vsti 


AMI  >\.  '  /•  ///  lU\\voO^ 

l-tns,t*i  in      **     $$  "*  ~^>%   * 
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IX.  Mean  Lower  Hemispherical  Candle-power. — The  average 
of  the  candle-power  of  a  lamp  in  all  directions  in  the  lower  hemi- 
sphere is  called  the  mean  lower  hemispherical  candle-power  of  the 
lamp.  As  applied  to  incandescent  lamps,  the  lamp  is  assumed  to 
have  the  bulb  down,  base  up.  This  term  is  of  little  importance 
where  lamps  are  to  be  used  with  reflectors. 

12.  Mean  Spherical  Candle-power. — The  average  of  the 
candle-power  of  a  lamp  in  all  directions  is  called  the  mean  spherical 
candle-power.  This  term  is  of  most  importance  as  it  is  an  index  to 
the  total  light-giving  power  of  the  lamp  in  all  directions. 

13.  Foot-candles— Candle-feet— Lux.— The  unit  of  intensity  of 
illumination  is  the  fool-candle  or  candle-foot.  It  can  be  defined 
in  two  ways,  both  of  which  mean  the  same:  t  ft-c.  is 

(i)  The  Intensity  of  illumination  produced  by  a  i  c-p.  source 
at  a  distance  of  i  ft. 

(a)  The  intensity  of  illumination  produced  by  one  lumen  when 
spread  over  i  sq.  ft.  of  surface.  The  illumination  on  the  interior 
surface  of  the  sphere  of  Fig.   6  is  i  ft-c. 

The  lux  is  a  unit  of  intensity  of  illumination  employed  when 
using  the  metric  system.  It  is  the  intensity  of  illumination  pro- 
duced by  a  i  c-p.  source  at  a  distance  of  i  m.,  or  that  produced  by 
one  lumen  when  spread  over  i  sq.  m.,  i  lux  =  .0929  ft-c.,  1  ft-c.  = 

13A.  The  efficiency  of  an  electric  light  source  is  ordinarily 
given  in  walls  per  candle,  which  means  watts  per  mean  horizontal 
candle-power.  However,  this  method  is  unsatisfactory  in.  that 
candle-power  is  not  a  true  measure  of  the  total  light  produced  by 
the  lamp.  Furthermore,  as  the  efficiency,  on  the  above  basis, 
increases,  the  figure  expressing  it  decreases.  A  better  method  of 
expressing  efficiency  is  in  lumens  per  -watt, 

14.  The  reduction  factor  of  a  light  source  is  the  ratio  of  the  mean 
spherical  candle-power  to  the  mean  horizontal  candle-power. 
Few  sources  radiate  uniformly  in  all  directions,  and  since  most 
incandescent  lamps  have  their  maximum  intensity  in  the  horizontal 
direction,  it  is  seen  (hat  the  reduction  factor  must  usually  be  less 
than  one.  According  to  this  definition,  tin:  moan  -[jhorical  can 'lie- 
power  can  be  obtained  by  miilli;ilying  the  mean  horizontal  candle- 
power  by  the  reduction  factor. 

15.  Factors  for  Obtaining  Mean  Spherical  Candle-power 


T„..Ito,.,d,K.«.J.„,  light  ««*. 

I-L.--..I    ii     ::. 
factor 

Tungsten  y\taz-iti).  nv.ilrr/e.  vacuum.   [05-115  volt 

Tungsten  iMazJa).  multiple,  vacuum.  220  jot  v.,U 

Tungsten  {Mazda  (  ).  multiple,  nr>s  ii!!i-l.  r.i'  1  ■■■.■in,  : 

;/■;;.',;  Cl,  ::.  rii*.  gas  iillud,  ir.r  urdinmv 

80.  100  c-p. 

7to 

EKS 

!6Q 

Tungsten  iManla  C),  series,  gas  filled,  for  ordinal 
t/.inte  O,  series,  gas  filled,  ro-amp.  c 
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1 6.    Economical  Intensities  of  Illumination  in  Foot-candles 

(National  Electric  Lamp  Association) 


Application 


Foot- 
candles 


Application 


Armory  or  drill  hall 

Art  Gallery 

.    White  statuary 

Bronze  statuary 

Paintings 

Assembly  Room 

Auditorium 

Automobile  showroom. . . . 

Automobile  (interior) 

Ball  room 

Bank 

Bar  room 

Barber  shop 

Blacksmith  shop 

Billboard 

Billiard  room  (general) 

Billiard  table 

Bowling  alley — 

Alley.... 

Pins. 

Cafe  (see  saloon) 

Carpenter  shop 

Court  room 

Church 

Club- 
See  Hotel.Residence,  etc. 

Dance  hall 

Depot  waiting  room 

Desk.... 

Draughting  room 

Engraving 

Factory — 

General  illumination 
only,  where  additional 
special  illumination  of 
each  machine  or  bench 
is  provided ......... 

Local  bench  illumination 

Complete  (no  local)  illu- 
mination  

Fire  Stations — 

When  an  alarm  is  turned 
in 

At  other  times 

Foundry 

Garage 

Gymnasium 

Hospital — 

Corridors 

Wards  (with  no  local  il- 
lumination supplied') . 

Wards  (with  local  illu- 
mination supplied).. . . 

Operating-table 

Hotels — 

Corridor 

Bed  room 

Lobby 

Dining  room 

Writing  room. 

Laundry 


30 


2 

7 
5 
3 

2 

5 
I 


5 
o 
o 
5 
o 

0 

o 


3.0 
30 
30 

2.5 
30 
8.o 
0.8 
5-0 

15 
4.0 

2.5 
4.0 

25 

2.0 


2.0 

1.5 

4.0 

8.0 

io. o 


1.5 
4.0 

4.0 


3 

1 

3 

2 

2  , 


0 
0 
0 
0 

5 
5 
5 


Library — 

Stock  room 

Reading  room  (with  no 
local  illumination 
supplied) 

Reading  room  (with 
local  illumination 

supplied) 

Machine  shop — 

Rough  work 

Average  work 

Fine  work 

Market 

Moving-picture  theater 

Museum 

Office  (no  local  lights) 

Pattern  shops 

Power  house 

Postal  service 

Public  square 

Reading  (ordinary  print) . 

Reading  (fine  print) 

Residence — 

Porch 

Hall  (entrance) 

Reception  room 

Sitting  room. 

Library.... 

Dining  room 

Kitchen 

Laundry 

Hall  (upstairs) 

Bed  room 

Bath  room 

Cellar 

Store  room 

Rug  rack 

School — 

Class  room 

Assembly  room 

Cloak  room 

Corridor. 

Manual  training 

Drawing 

Sewing  (light  goods) 

(dark  goods) 

Shipping  room 

Show  window1 —  * 

Light  goods 

Medium  goods 

Dark  goods 

Sign 

Stable 

Station  (railroad) 

Stenographer 

Stereotyping 

Stock  room 

KtA, 

"Ba-Vat 


'  Depends  largely  on  character  ot  ite«*  w* «*« ^^  *%»*** 
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17.     Economical  Intensities  of  HI uminatt on— (Contin  W) 

Application 

cTnll^B  J               Application 

±& 

Store— 

Btonj- 

3'.$ 
3.0 

OS 

0;os 

:.: 

!'! 

| 

Bnsir.esa  (nnt   including 
]«ht  I-..M,  show  o.n 
d)wt  anrl  signal 

)'r.;-;;r.*M    re.idence 

Hit     .. 

* 

Tteph-ma  nrhange  (gen 

', 

*«<">» s 

18.   Economical  Intensities.     The  above  iiittiiMiics  ul  illumina- 
tion are  recommended   for   various   purposes.     These   intensities 
enable  objects  to  be  seen  w[\  h  nil  1  lie  deiitn^^  n'1'1 '-'rally  necessary 
in   the   places    mentioned.    Thus,   in   draughting   rooms   greater 
intensity   is   required   than   in  sivitinninu-pool   lmildings,  because 
more  detail  must  be  brought  out.     On  billboards  greater  intensity 
is  required  than  in  a  library  reading  room  to  enable  the  signs  to 
be  read  at  a  great  distance. 

10.    Average  Intrinsic  Brilliancy  of  Various  lUuminants 

Light  source 

Candle- 
power  per              Light  source 

Candle- 

Opal-shaded    incandes- 

¥ 

Iiu-.iiidesc.rnt  lamps: 
Tantalum,    i.o    watts 

8SC-ICKH] 
050-105° 

,gj™,  ^ertnc    .near 

Tuwton,    I.4S   "ratts 

Tungsten.    I.o    watts 

Cooper  Hewitt  lamp  . 
Welsbach  gas  mantle 
Acetyl- -u- burner  ... 
Enclos.d   a-c.  arc  lamp 

Enclos-  ::■•-.. 

eo-foo    ; 

Open  arc  crater 

°EV-5  ""*>"' 

6ls        ||                               \. 
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,     -Lights  of  greater 
than  4  to  6  c-p.  per  sq.  in.  produce  glare;  that  is,  they  ti 
muscles  and  retina  nf  the  rye  and  prevent  it  Irom  Boeing  object] 
clearly.    It  is  well  to  avoid  placing  sources  of  light  of  greater 


c  brilliancy  than  i  c-p,  per  sq. 
Intrinsic  brilliam  y  is  total  cai  idle  -power  per  u 
of  light.  Brilliant  light  sources  in  the  line  of 
tv.lid  by  frosted  or  translucent  shades. 

a  i.    Flux  of  Light.    Lumen.— For  purpi 
convenient  to  consider  the  light  given 


the  field  of  v 
t  area  of  the  St 
sion  should  be  pro- 


of calculation  it  i: 
L  "by  any  source  as  a  flow 
or  flux  fromjhi 
outward, 
flux    generated    by 


The 


In 

the  square  to  measure 
t  in.  on  each  side  and 
to  lie  on  the  surface  of 

the  light  of   i   c-p.  at 

the  center  would  gener- 

"      the 


solid  angU   __. 

the  lim-s  abed.     As  thi 

total    surface    of 


by 


i.S» 


!2.  Intensity  of  Normal  Illumination. — The  inverse  square  law 
can  probably  be  best  understood  by  referring  to  Figs.  7  and  8. 
Consider  first  Fig.  7,  in  which  [he  light  from  a  light  source  is  di- 
rected by  a  theoretically  perfect  parabolic  reflector.  A  reflector  of 
this  type  has,  when  the  light  source  is  properly  placed  within  it, 
the  property  of  i>r"ie'.uin:'  ;sil  uf  the  linht  in  perfeclly  parallel  ra; 
or  in  a  beam.  With  a  theoretically  perfect  reflector  and  with  ll 
light   projected   through   an  absolutely   transparent   medium   tl 

Juantity  of  light  at  any  point  in  the  beam,  as  for  instance  at  A, 
ig.  7,  would  be  the  same  as  at  any  other  point  in  the  beam,  as  B 
(Fig.  7).     Hence   the  intensity  of  illumination,  or  the  brightn 
of  the  light,  would  be  the  same  on  A  as  on  B.     Parabolic  reflect 
that  are  used  for  automobile  head,  lights  give  a  result  that  appro 
mates  this  condition.     Obviously  a  perfect  parabolic  reflector  a 
a  perfectly  transparent  medium  are  impossible.     The  brightn 
of  the  beam  of  light  projected  by  an  automobile  lamp  diminishes  a; 
(be  distance  from  the  lamp  increases  due  to  the  imperfectness  of 
the  reflector,  to  the  diet  and  sraoVc  in  tW  a.ii  mi4  W  ^t\e  reflect* 
and  absorption  caused  by  the  pa.rtic.Vs  "m  sus\»3\s«i& " 
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This  property  of  a  parabolic  reflector  is  noted  merely  to  show 
that  light  is  a  perfectly  tangible  tiling  iu-t  lis  water  is  and  that  the 
amount  or  volume  of  ligbt  pmihuvil  by  a  source  is  a  perfectly 
definite  quantity.  The  beam  of  light,  projected  from  a  source  in 
a  perfect  parabolic  reflector,  through  a  perfectly  transparent 
medium  would  extend  out  an  infinite  distance  and  the  intensity 
of  light  at  any  point  in  the  beam  would  be  the  ss 


Now  consider  the  natural  tendency  of  light  (undirected  by  a  re- 
flector) which  is  to  radiate  from  its  source  in  all  directions.  It 
spreads  out  as  it  were.  Therefore  the  greater  the  distance  of  any 
point  from  such  a  source  the  lower  will  be  the  intcnsily  or  brightness 
at  that  point.  Consider  Fig.  8.  If  the  light  from  source  L  falls 
normally  or  at  right  angles  on  a  surface  -I  at  a  distance  LA  from 
the  source  it  will  illuminate  .1  to  a  certain  intensilv  or  brightness. 
If  instead  it  falls  on  a  surface  B,  distant  LB  (LB  b  ' 


the  same  total  number  of  lumens  or  quantity  of  light  will  illumi- 
nate a  surface  twice  as  wide  and  twice  as  liitrh  or  "i  four  times  the 
area.  As  the  same  quantiiv  oi  liglu  is  ibus  spread  out  over  four 
times  the  area  the  average  illumination  on  B  will  be  but  \  of  that 
on  A.  If  the  same  quaniilv  of  lis; lit  from  the  same  source  falls  on 
surface  C  (distant .  I.C  from  Li  the  lias  or  beam  of  light  will  bespread 
out  over  a  surface  nine  times  the  area  of  A  and  the  average  illumi- 
nation will  be  but  j  that  on  A, 
In  every  ca.se  when-  light  [\  ruifiuli'ii  Irurn  a  Jomt-sowre*  Vo  sw 
feint  the  intensity  of  illumination  al  the   Joint  is  WW"*)   V°S 
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-tf- 


^ 


wherein  /■■  the  intensity  of  illumination  in  foot-candles  on  a  sur- 
face normal  (at  right  angles)  to  the  direction  of  the  light  rays; 
cp  =  candle-power  of  the  Tight  source  in  the  given  direction  and 
I)  is  the  distance  from  the  source  to  the  surface  in  feet. 

Bxamplt.—ln  rig.  9,  1, 
what  is  the  intenaity  of 
illumination  at  the  point 
A  on  the  asurfjuce?  TV 
lamp  produce!  an  intensity 

of  io  o-p.  la  a        

direction  end  th 

j  It.  from  th*  lamp. 

Solution         "-' 

the  values  in 

'-S-iS-B 

-  0.4  ft-c. 
Therefore     then     is     an 
illumination  at  the  point 
l  Example.— la  F«.  p,  II, 


Tcqt 


. — Substitute 


e  light 


B  a  0.3  ft-c.  and  t 
face  is  a  ft.  from  tl 

power  of  the  light  tc. 

the  direction  CBt 
Solution.— Substitute  the 

cp-ID>-o.}X3Xl 

Therefore  the  candle  pro- 
duces 1 . 3  c-p  in  the  direc- 
tion Cfl. 

23.    Limitations  of  the  Inverse  Square  Law. — Although  the 

inverse  square  law  applies  with  absolute  accuracy  only  to  light 
emitted  from  a  source  so  small  that  it  may  be  considered  as  a  mere 
point,  in  practice  results  are  sufficiently  accurate  if  the  distance 
!rom  the  source  to  the  point  at  which  the  light  is  measured  is  ten 
Co  fifteen  times  as  great  as  the  apparent  air*  lAvVOi^AwraK*. 
34.  Intensity  of  Illumiriatioii  on  llcBtaflfifai.  %mtac*9*„  *%» 
Cosine  Law. — (See  Fig.  10.)    The  inverse  «p*s«\K*  MAVanofca 
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(Par.  22)  indicate  how  the  intensity  of  illumination,  on  a  surface 
normal  or  at  right  angles  to  the  rays  from  the  source  of  light, 
may  be  computed.  Such  a  surface  is  indicated  liy  abed,  Fig.  i< 
'  r  of  this  surface  (abed)  would  be  c 


■  -  & 

Now  consider  the  surface  i;'.vv=  which  lies  in  a  horizontal  plane 
but  which-is  inclined  in  relation  to  the  direction  of  the  light  from 
the  source.  However,  the  same  quantity  of  light  or  the  same 
number  of  lumens  (the  brum  oi  light  included  within  the  pyramid 
is  formed  by  the  dashed  lines)  illuminates  abed  as  illuminates  wxyz. 
Wxyz  is  actually  larger  than  abed  as  shown  at  //.     Since  the  same 


quantity  of  light,  illuminates  a  larger  area  in  one  case  than  i 
the  other  it  is  evident  that  the  average  intensity  on  the  larger  arc 
must  be  less  than  the  smaller  one.  The  reduction  in  intensity  01 
the  area  wxyg  below  that  of  abed  is  obtained  by  multiplying  the 
intensity  of  abed  by  a  factor,  the  cosine  of  angle  P.  A  table  of 
cosines  is  given  in  the  first  section  of  this  book. 

Expressing  this  statement  as  a  formula  using  the  r 
Fig.  ... 


--H^' 


cp= 


_IkXD* 


wherein.  /»  =  vertical  intensify  in  foot-candles  of  the  illumination 
on  the  horizontal  surface;  cp  =  I  he  candle-power  of  the  light  source 
in  lie  given  direction,  D^distance  in  feet  from  the  point  under 
consideration  to  the  light  source  and  cut  P -=  the  cosine  of  the  angle 
P  as  taken  from  a  table  oi  cosines.  (Such  a  tabic,  condensed,  is 
given  in  the  first  section  of  this  book.) 

The  above  formula  can  be  converted  into  this  more  convenient 
him  (Fig.  11). 


Ih' 


--V  (i-o«,P>» 


654       AMERICAN  ELECTRICIANS'  HANDBOOK   [Sect! 

Wherein  the  letters  all  have  the  same  meanings  as  above  except 
that  //  =  the  vertical  height  in  feet  of  the  light  source  above  m 
horizontal  surface  illuminated. 

25.  The  value  for  candle-power  (cp)  for  use  in  the  ibe* 
formulas  should  not  be  taken  as  the  nominal  rated  candle-pour 
of  the  light  source  but  should  be  taken  from  a  photometric  cam 
or  from  manufacturers'  data  as  the  candle-power  in  the  partknhf 
direction  under  considerations  as  illustrated  in  following  example 

Example. — A  lamp  is  located  12  ft.  above  a  table  (Pig.  13. 1)  and  in  mi 

a  position  that  the  angle  P  is  60  degrees.     Assume  the  candle-power  of  At 

lamp  is  40  in  this  direction  (30  degrees  below  the  horizontal).    Whatiith 

vertical  intensity  at  the  table  or  in  other  words  what  is  the  intensity* 

'  illumination  on  the  table?  . 

Solution. — From  the  table  of  cosines  in  the  first  section  of  this  book  it  w 
be  f  <  >und  that  cosine  (or  cos)  of  60  degrees  —  0.5.  Substitute  the  values fros 
F'g.  13,  /,  in  the  formula: 

A-  frf,X(cosP)»--t°—  Xo. 5X0.5X0.5-    40X0^25   _003sfK. 
//*  12X12  144 

Therefore  the  vertical  illumination  at  point  Ik  is  0.035  ft-c. 

Example. — What  would  be  the  illumination  on  a  book  held  at  right  ancjfl 
to  the  beam  of  light  as  in  Fig.  13,  //?  The  distance  from  the  book  to  the 
light  source  would  be  24  ft. 


Ih"? 


^**  !      H- 

*'     6o»A    I2'0" 

I     : 

]Table  T~ 

I 


•  >>    ' i#im>D, 


zsn 


I    Vertical  Illumination. 


's***rsjcs/ss/s//ss/ss/s//s/c*s//sjysAss.  u.uj.  1  m  u  — 


"BookorPlaper  ! 


'/sss*sssrsssssss/sssssssss//ss//s/sjr/ysjut. 


JL.  Normal  Illumination. 


Fig.   13. — Example  of  computing  vertical  illumination. 


0.070  ft-c. 


.Solution. — Substitute  in  the  formula  of  24: 

j_   cp    _   4q_  _     AO^ 

™   Z?»  ™    24X24  ™    576 

Therefore  the  illumination  at  the  point  /  on  a  book  held  at  right  ang'.es ''. 
the  beam  of  light  would  be  0.070  ft-c 

26.  The  calculation  for  intensity  of  illumination  on  a  verticil 
surface  is  quite  similar  to  that  for  a  horizontal  surface.  (See  24. 
The  formula  is  (see  Fig.  14) : 

Iv  =  %  X  sin  p  or  %  X  (sinP)» 

Wherein  7v  =  the  intensity  of  illumination  in  foot-candles  on  tb< 
vertical  surface;  cp  =  the  candle-power  of  the  light  source  in  tin 
given  direction;  5  =  horizontal  distance  in  feet  from  the  lampti 
the  surface  and  P  —  angle  between  the  direction  of  light  andthi 
vertical. 

27.  Caution  Regarding  line  \3&*  oi  the  Preceding  Formulas.- 

must  be  understood  t!nat  ^Vvimvcv^xXoiv  vxvXefewlvw*  ta&rci  vid 

above  formulas  give  t\\e  mtexvsvVy  ol*^wcv\x^\^fc^\»^ 
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light  from  the  light  unit,  and  in  practice  this  derived  value  i: 
always  increased  a  certain  amount  by  diffusely  reflected  light. 
This  increase  may  be  relatively  large  if  the  ceiling,  walls  and  other 
objects  in  the  room  are  light  in  color  and  have  a  high  coefficient 
of  reflection,  but  it  is  almost  negliKibk-  in  industrial  plants,  for 
instance,  where  the  walls  may  be  of  dark  brick,  the  roof  and  girder 
construction  very  dark  in  color, 
■with  the  space  filled  with  ma- 
chinery of  various  sorts. 

28.  A  photometric  curve  con- 
sists of  lines,  plotted  on  a  polar 
diagram,  which  show  graphically 
the  distribution  of  the  light  about 
a  light  source^and  the  candle- 
power  intensities  at  various  direc- 
tions about  the  lamp  or  lamp  and 
reflector.  See  Fig.  5  and  other  fol-  F1C.14-— 
lowing  illustrations  for  examples.         oa  v" 

29.  How  to  Read  a  Photometric  Curve.— In  the  photometric 
curve  of  Fig.  15,  I,  the  luminous  intensity  directly  downward  i; 
indicated  by  measuring  off  this  intensity  on  the  vertical  to  a 
given  scale.  Thus,  XA  represents  the  candle-power  intensity 
directly  below  the  light.  Similarly  distances  XB,  XC,  XD,  XE, 
AT,  and  XG  represent  candle-power  intensities  given  off  all  around 


j4i 


the  light  at  angles  above  the  vertical  of  15  degrees,  jo  decrees, 
45  degrees,  60  degress,  75  degrees,  and  90  degrees.  Similarly 
the  candle-power  intimities  above  90  degrees  can  be  measured 
off  to  the  given  scale  along  their  respective  angles.  These  points 
are  then  joined  by  a  continuous  line,  G,  F,  £,  D,  etc.,  and  this 
line,  completed  for  the  360  degrees,  is  called  &t  ^toXKBosftw: 
tribution  carve  ol  the  light. 
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Fig.  15,  /,  shows  such  a  completed  photometric  curve,  but  ii; 
practice  it  is  customary  l<>  use  circular  lines,  as  indicated  on  Fij. 
15,  //,  to  show  the  scale  to  which  the  candle-powers  are  plotted. 

The  candle-power  intensity  of  the  light-unit  can  be  measured 
along  as  few  or  as  many  angles  as  necessary,  the  accuracy  o(  lit 
resultant  curve  being  largely  determined  by  the  number  of 


REFLECTORS 


angla  I  . 


30.  Reflection  of  light   is   the   redirecting  of  light  rays 
reflecting  surface.     Whenever  light  energy  strikes  an  opaqui 
ject  or  surface  part  is  absorbed  by  the  surface  and  part  is  refleclti 
Light  colored  surfaces  reflect  a  larger  part  of  the  Jight  thrown  on 

them  than  do  dark  colored  sur- 
faces, whereas  dark  surfaces  air 
sorb  a  larger  part  of  the  light, 
black  surfaces  absorb  nearly  all 
the  light  which  reaches  them. 
Consider  Erst  a  smooth  surface 
AB,  Fig.  16,  on  which  a  ray  of 
light  L  falls.  This  ray  will  be  so 
reflected  in  the  direction  R,  that 
the  angle  a  is  exactly  equal  lo 
the  angle  b.  Consider  now  the 
effect  of  a  number  of  rays  falling 
a  smooth  surface  CD,  Fig.  17. 
Each  ray  will  be  reflected  in  such 
a  way  that  it  leaves  the  surface  at 
the  same  angle  at  which  it  strikes 
it.  The  eye  if  held  as  shown 
would  perceive  only  the  light  re- 
flected into  it. 

Consider  now  a  broken  surface 
such  asFC,  Fig.  18.  Each  ray  of 
light  is  reflected  from  that  por- 
tion of  the  surface  on  which  it 
falls  just  as  though  that  point 
were  on  a  smooth  surface.  There- 
s  that  the  light  is  scattered, 
and  if  the  surface  is  irregular 
enough,  the  eye  placed  at  any 
point  will  receive  refiectiona  from  many  points  of  the  surface.  All 
opaque  surfaces  except  polished  surfaces  have  innumerable  minute 
irregularities  like  the  surface  in  Fig.  18.  This  fact  alone  enables 
them  to  be  seen. 

31.  Reflecting  Power  of  Surfaces.— Different  surfaces  reflect 
different  percentages  of  the  light  falling  upon  them.  The  illumi- 
nation of  a  small  room  having  poorly  reflecting  walls  can  often  be 
improved  by  changing  I  he  wail  coverings,,  pat  uiivsYi.-ri-j  W  Wte  tamps 

are  used.     J!  the  room  is  \atge  or  "it  Ttftecwt*  a.xt  a«4  \si  ■Cc 
the  light  downward  so  that  not  mucnli&nx  leac^is.  Cncujas. 


Fig.  iS.- 


n  of  light  from 
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reflected,  a  change  in  the  wall  covering  will  have  little  effect  on  the 
general  illumination. 

32.  The  following  table  of  reflection  coefficients  (Art  oj  IB*- 
minalion,  Bel!)  is  useful  in  showing  the  relative  reflective  value  of 
wall  coverings  in  rooms. 

Matt 


Highly  polished  silv< 

Highly  polished  bin? 
Highly  polished  eopj 
Highly  polished  stee 

p^nd  gold..  ."-'■! 

White  bfot  tfngPpapt: 


Light  pinknas*f 

Da 

. 

»{trb™«"*PW 

tile 
De 

ssy  buu-k  paper     , 
p  chocolate  paper.   . 

1 


33.  Absorptioii  is  the  loss  of  inlen>iry  or  of  volume  of  light 
that  occurs  when  it  passes  through  a  reflectinK  or  a  translucent 
material,  or  when  it  is  reflected  by  a  reflecting  surface, 

34.  Absorption  of  Light  by  Globes  and  Reflectors.— Ifglobesare 
used  on  lamps,  account  musl  be  taker  !  ■  iglit  absurlied  hy  the 
globes  in  calculating  the  total  candle-power  or  lumens  required. 
Table  35  gives  average  values  (t'lecliii-J  Equipment  oj  the  Home — 
N.E.L.  A.). 

35.  Coefficients  (per  cent.)  of  Absorption  of  Globes  and  Shades 


Material               |  £««&„ 

Material 

Per  cent. 

■■■■ : '       ■  .  ■ ' 
...  i  ..■  . . . 

Liyht    blue    aUI..,:.:,. 
globes. 

Heavy  blue  alabaster 
glebes 

Ribbed  glass  globes.... 

IS  to  30 

Opaline  glass  globes 

1  .v.. ii ;-...]  ¥.'.;■-.■.  ^[. ,!..■:;.. 
Me.Jimi,     vpalescent 
globes 

Heavy  opalescent  ek.i.rs 
]■■■..„!„■  Kl;iw  globus 

■  dobes 

Cobalt  blue  gk,l,<-s. 

zo  to  30 
SO  to  00 

as  tLxjo 

9  the  changing  from  the  straight  line,  which 
a  light  ray  normally  i^unns,  Ilia;  in,  urs  v.- ben  I  In:  ray  passes  from 
one  medium  into  another  of  different  density. 

37.  An  unshaded  incandescent  lamp  should  never  be  tolerated 
under  any  circumstances,  unless  the  bulb  Is  completely  frosted, 
and  even  then  only  in  stub  locations  as  store  rooms,  etc.,  where 
it  is  desirable  to  light  the  entire  wall  surface,  arid  where  the  eyes 


s^.^^ 


3Q-    The  area  of  the  distribu 
?£      tion  curve  is  not  proportional 
fr/innr.  the   amount   of   light    given  o 
Curve  B,   Fig.    ig,  represents 
iween   smaller  total  flux,  by  an 
"same    equal    to    the   absorptior 
,le  le_   reflector,    than    does    curve 
though  it  has  a  larger  ai 
a  curve  as  B  is  useful  only  f 
determining  the  intensity  of  light  at  any  given  angle  below  t 
horizontal. 

40.  Extensive,  Intensive  and  Concentrating  Reflectors  (F 
ao). — The  Holophane  Company  first  classified  their  rcflecto 
into  extensive,  intensive  and  concentrating  types,  to  which  w 
later  added  the  focussing  type,  the  name  designating  the  broadness 
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38,  Distribution  Curves  of  Reflectors.— The  effect  of  a  re- 
flector in  changing  tin'  ilinvl  ien  of  li^hl  given  out  by  a  light  source 
is  best  expressed  in  the  form  of  a  distribution  curve.  Fig.  19 
shows  such  a  curve  for  a  bare  lamp  and  for  the  same  lamp  witl 
a  reflector.    The  curve  represents  the  light  in  a  singlt 

plane  through   the   

light  unit,  and  it  is 

the  light  in  all   similar  vertici 

of       planes    is    similarly    distribu! 

<ts,m  Sec   29  "How  to  read   a  photo 


of  distribution   as  indicated   by   the   distribution 
type  names  have  since  been  adopted  liy  eliuT  reflector  manul 
lurers  who  msfce  refll  nit*  n,m\\n.^tiierai. 

similar  distribution  curves,  adapted  tot  d\n.ciewV.T         * 
and  spacing  distances. 
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41.  Application  of  Extensive,  Intensive,  Focussing  and  Con- 
centrating Reflectors. — In  general,  focussing  reflectors  should  be 
used  when  the  distance  between  lamps  is  i  the  mounting  height; 
intensive  reflectors  should  be  used  where  the  distance  between 
lamps  is  about  ij  times  the  mounting  height;  extensive  reflectors 
should  be  used  where  the  distance  be- 
tween lamps  is  twice  the  mounting 
height.  These  figures  are  averages  and 
may  not  apply  to  all  makes  of  rctlectors. 
It  the  best  results  as  to  unilormity  of 
illumination  are  desired,  lamps  should 
be  suspended  from  ceilings  at  such  a 
distance  as  to  give  proper  ratio  of  lamp 
spacing  to  mounting  height,  as  advised 
by  the  reflector  manufacturer  or  as  de- 
termined bv  pi'  >lliriLT  iilumiiiat  ion  curves. 

The  different  types  (extensive,  inten- 
sive, etc.)  of  Holophane  reflector  are  1 
not,  in  general,  designed  to  give  differ- 
ent illumination  results.  They  are  de- 
signed to  give  the  same  result,  each  type 
being  suitable  for  a  ililiereut  condition 
of  height  and  spacing  of  lamps. 

42.  Extensive  globes  and  reflectors 
(Fig.  20, 1)  distribute  the  reflected  light 
over  a  wide  angle  belnw  the  Imri^mUl 
(see  Fig.  21).  They  are  primarily  for 
lighting  moderately  small  rooms  (say  12 
ft.  square)  with  single  units  or  chande- 
liers on  which  the  lamps  hang  pendant. 
The  "extensive"  type  of  distribution 
will  meet  the  reijuirninenls  cf  the  follow- 
ing classes  of  rooms  (National  Electric 
Lamp  Association): 

1.  Rooms  in  residences  where  a  single 
light  or  group  of  lights  centrally  located 
is  employed  (the  distribution  of  several 
units  hung  vertically  being  approxi- 
mately the  same  as  that  of  a  single  unit). 

2.  Small olYircs,  waiting  moms, alcoves, 
etc.,  where  the  conditions  are  substan- 
tially as  above. 

3.  Wide  hallways  having  moderate 
height  of  ceiling,  stock-rooms,  work- 
rooms or  other  cases  where  even,  general 
illumination  is  desired  from  a  single  line 
of  outlets. 

Extensive  reflectors  of  the  Holophane 
with  the  maximum  candle-power  al 

the  rerticaJ.  .     ..  , 

43.     Intensive  globes. and  reflectors  t¥\&.  ^,U^^*t\^ 

ilown  ward  /n  3  rather  narrow  n.nglc  (see  ¥'1?,.  mV     ^^  v™6- 
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purpose  for  which  the  "  intensive-"  type  of  distribution  w 

is  that  of  evenly  illuminating  large  rooms  by  means  of  distributed 

units  placed  close  to  the  ceiling  in  the  form  of  squares.     This  sys- 


department  and  other  large 
,  hotel  and  club  lobbies,  large  o 
5,  halls  of  moderate  dimensions,  a 
,  where  the  lights  are  hung  high  al 
This  method  of  lighting  is  seldom  u 

e  their  r 


s  used  commonly  i 
dining  halls  and  restaurant 
assembly  rooms,  lodge  roon 
chambers,  court  rooms,  et< 
the  plane  of  illumination, 
in  residences. 

Intensive  reflectors  of  the  Holuphane  type  havt 
candle-power  at  and  below  45  degrees. 

44.  Focussing  globes  and  reflectors  (Fig.  20,  III)  c 
the  light  to  a  small  area,  producing  greatest  intensity  of  illun 
lion  along  the  axis  of  the  reflector  (see  Fig.  33).  The  class__ 
lighting  for  which  "  focussing "  reflectors  are  designed,  include  til 
illumination  of  tables,  desks,  display  windows,  store  counters  (h 
means  of  a  row  of  lights  placed  high  and  directly  over  the  same) 
and  very  high  rooms  [where  (hey  are  used  in  the  same  manner  99 
the  "intensive"  type).  "Focussing"  reflectors  give  an  end-cm 
candle-power  approximately  .i ;  times  a--  grejst  as  [he  lamp's  rated 
horizontal  candle-power.  The  area  intensely  illuminated  is  a 
circle,  the  diameter  of  which  should  be  one-half  the  height  of  the 
lamp  above  the  plane  >  if  illumination:  outside  this  limit  1  lie  intensity 
falls  rapidly,  but  not  so  abruptly  as  to  give  the  effect  of  a  spot  of 
light. 

llolophane  "focussing"  reflectors  give  their  maximum  candle- 
powers  at  about.  10  degrees  from  the  vertical. 

45.  Concentrating  reflectors  throw  the  light  more  strongly 
downward  than  those  of  the  focussing  type,  giving  in  some  ci 

an  end-on  candle-power  of  ei 
mp/"ai M"l„  ti™63  tne  riltcd  horizontal  canr_ 

r  of  the  bare  lamp.     High 
intration  can   easily   be  6 
ained   but   is  not  generally  r 
1   quired  commercially. 
45 A.    Asymmetric 
are  those  by  which  most  of  t 
light    rays    are    thrown    I 
'   one  side  of  the  reflector, 
is    effected   by   interior   v___ 
prisms   which   redirect   the  Ii 
from    the   side   where   it   is 
needed. 

46.  Reflectors  for  Indirect  Lighting.— As  manufactured  by  U 
National  X-ray  Rellecl.or  Company,  ii  reflector,  pointed  upwir 
is  placed  under  the  lamp,  and  all  of  the  light  is  directed  to  a  lit- 
colored  ceiling.  The  room  is  illuminated  by  ;i  reflected  light  from 
the  ceiling.  The  result  is  a  widely  diffused  illumination  which  re- 
sembles daylight;  [hat.  i=.  shadows  and  general  ettects  are  similar 
to  diffused  daylight  coming  tb.Tou&\v  a  a^\\^tot'«TOOs™.   iw 

decoration  of  the  room,  especially  o(  Y\ic  te&m£\^^,&^i&*,K5r«fcnt 
fa  to  be  used,  should  be  of  suhwIIbU  co\ut.    Ym.  XieW.  mss&\»  vs.* 
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ceiling  should  be  a  light  cream  or  ivory,  although  somewhat  darker 
shades  give  very  satisfactory  results.  'J "he  walls  of  the  room  may 
be  given  darker  tints,  such  as  1  !:.;!■  l  brown,  butt  or  tan.  In  all  cases 
the  lamps  used  with  the  system  should  be  clear  bulb  tungsten. 
Each  lamp  has  its  individual  reflector,  especially  designed,  thus 
insuring  the  highest  possible  efficiency. 

Many  different  types  of  reflectors  are  used,  each  adapted  lo 
particular  conditions.  One  of  these,  a  distributing  type  of  reflector, 
is  illustrated.  Kefore  al. (.erupting  to  suggest  fixtures  for  any  partic- 
ular interior  it  is  well  to  determine  exactly  what  [ho  conditions  are 
under  which  the  system  is  to  be  used,  since  the  size  and  height  of 
the  room,  color  of  walls  and  ceilings,  as  well  as  the  location  of  the 
electric  outlets,  all  affect  the  style  of  equipment  that  is  to  be 
specified.  Styles  of  fixtures  employed  with  this  system  are  shown 
in  Fig.  4.  These  fixtures  are  installed  in  exactly  the  same  way  as 
other  electric-lighting  fixtures.  Some  are  designed  for  single 
lamps,  others  for  multiple  units,  some  types  are  made  of  metal, 
while  others  are  constructed  of  "Compone"  and  composition. 
Special  adaptables  which  may  he  added  to  the  ordinary  arm 
fixture  can  be  procured.  These  adaptables  hold  the  reflector  in 
the  correct  relation  lo  the  filament  of  I  lie  lamp  and  can  be  readily 
fitted  to  arm  fixtures  that  are  already  in  place, 

INCANDESCENT  LAMPS 

47.  Electric  incandescent  lamps  consist  of  a  filament  which  i< 
a  highly  refractory  conductor  mounted  in  a  transparent  glass  bulb 
and  provided  with  a  suitable  electrically  connecting  base.  In 
incandescent  lamps  of  the  older  types  the  air  was,  in  so  far  as  prac- 
ticable, exhausted  from  the  space  within  the  bulb  and  surrounding 
the  conductor  (filament),  leaving  there  a  vacuum.  But  in  many  of 
the  modern  lamps  this  space  is  filled  with  an  inert  transparent  gas — • 
like  nitrogen,  for  example.  The  conductor  must  have  a  high  melt- 
ing point  or  high  vaporizing  temperature  and  a  high  resistance;  it 
must  be  hard  and  not  become  plastic  when  heated.  In  vacuum- 
type  lamps  the  vacuum  must  In-  good,  not  only  to  prevent  the  oxi- 
dation of  the  filament,  but  also  to  prevent  the  loss  of  heat,  which 
would  reduce  the  efficiency.  In  no n- vacuum-type  lamps  (gas- 
tilled  lamps)  the  gas  used  mu-l  be  inert  so  as  not  to  combine  chem- 
ically with  the  filament  material.  The  bulb  must  be  transparent 
to  permit  the  passage  of  light,  not  porous,  so  that  it  will  retain  the 
Vacuum  or  inert  gas,  and  strong  to  withstand  handling  and  use. 

48.  Classes  or  Types  of  Incandescent  Lamps. — There  are  now 
June,  rors)  but  three  classes  of  incandescent  lamps  on  the  market, 
viz.:  (1)  Carbon  filament,  (?)  ,\fctj!'<zcd  filament  or  Gem,  and  (3) 
Tungsten  filament  or  "Mazda."  Several  years  ago  the  tantalum 
lamp  was  quite  popular  because  it  was  then  economical;  this  was 
prior  to  the  perfection  of  the  tungsten  lamp.  The  Atvnass&A'M  ■*••*& 
manufacture  of  tantalum  lamps  has  pra.ctic.aWy  c<iase& 'XwcaMsfe  V1^k 
tie  materially  higher  efficiency  of  the  tungsten  \.ot  t&aaA»>j  \aiM%- 


T 


i62       AMERICAN  ELECTRICIANS'  HANDBOOK 


arboiiii  i  ■ 


Tee  carbon  lamp  contains  a  filament  made  by  carboni  , 
cellulose  thread,  forming  a  filament  of  pure  carbon.  Its  effician 
averages  about  3.1  watts  per  candle.     The  uetalized  poamii 

Or  Gem  lamp  contains  ;i  carbon  lilaiucnt  v.  Inch  lias  been  L renin! 
an  electric  furnace.  This  treatment  imparts  certain  melall 
properties  to  the  carbon,  thus  permit  1  in.q  its  operation  at  hj^b 
cifieiencies  than  are  feasible  with  ordinary  carbon- filament  lam] 
Its  efficiency  is  about  2.5  watts  per  candle.  The  tungsten  i 
Mazda  lamp  has  2  filament  of  pure,  drawn  tungsten  wire;  s 
Art.  52. 

48A.  Voltage  and  Wattage  Ratings  of  Incandescent  Lamps, 
All  incandescent  lamps  for  standard  lighting  circuits  are  now  rat 
in  watts.  The  watts  rating  ol  even  lamp  is  indicated  on  its  lab 
On  the  label  is  also  specified  the  voltage  at  which  the  lamp 
designed  to  operate,  i'iit'  Tkrrr-VolUi  p.;- Rating  was  lormerlyust 
but  the  present  practice  is  to  show  only  one  voltage.  During  t 
pioneer  days  of  tungsten  lamps  their  performances  were  somen I' 
uncertain  and  their  first  cost  was  high.  Under  these  conditional 
Ihrve-vijllage-raliiie:  "as  ju.l  incd  inasmuch  as  it  provided  a  m«i 
whereby  lighl  could  be  readily  obtained  at  minimum  cost  wi 
different  power  rates.  Now,  however,  the  lamps  are  low  in  pr 
and  their  performance  is  uniform,  hence,  it  appears,  the  tflP 
vol  (age -ruling  is  undesirable. 

49.  The  life  of  an  incandescent  lamp  (that  is,  the  useful  Die] 
always  understood  to  mean  the  total  hours  of  burning  before  I 
candle-power  drops  to  So  per  cent,  of  the  initial,  unless  the  lai 
becomes  useless  because  of  broken  filament,  or  other  cause  prior 
this.  The  total  or  burnout  life  of  a  lamp  is  the  hours  b 
before  failure  of  the  filament. 


50. 

Effect  of  Voltage  Variation  on  Carbon  Lamps 

(All  values  in  per  cent.) 
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Si.  aio-volt  vs.  no-volt  Incandescent  Lamps.— A  number  of 
aao-440-volt  3- wire  direct -current  systems  have  been  installed  with 
the  idea  of  saving  copper  over  that  required  for  the  110-220-volt 
Bystera.  A  comparison  of  lamp  ratings  shows  that  the  sjo-volt 
lamp — whether  carbon,  metallized  or  tungsten — has  a  much  lower 
efficiency  than  tie  no-volt  lamp,  costs  more,  and  cannot  be 
secured  at  all  in  the  smaller  sizes.  Unless  the  load  is  composed  so 
largely  of  motors  thai  the  lamp  efficiencies  anil  costs  are  over- 
balanced— which  is  not  usually  the  case  in  these  installations — it 
will  be  found  that  the  saving  effected  by  the  use  of  no-volt  lamps 
will  overbalance  the  saving  in  copper  or  the  convenience  effected 
by  the  higher  voltage  system. 

5a.  Tungsten  or  Mazda  Lamps. — The  filament  of  the  tungsten 
lamp  is  composed  of  pure  metallic  tungsten.  When  the  lamps  were 
first  manufactured,  the  finely  divided  melal  ivas  mixed  with  a  binder 
and  squirted  through  a  die,  the  binder  afterward  being  burned  away. 
As  so  made,  the  filaments  were  hairpin  shape,  and  a  number  of 
them  were  connected  in  series  in  each  lamp.  At  present  the  metal 
is  drawn  through  dies,  the  same  as  any  other  wire,  the  final  drawings 
being  through  diamond  dies.  The  filament  has  a  high  tensile 
strength,  is  quite  elastic  and  reasonably  flexible,  and  the  filament  in 
each  lamp  is  oniSiiun.ni--,  producing  much  better  efficiency  and 
greatly  improved  life.  The  modern  lamps  are  capable  of  standing 
the  abuse  thai,  may  lie  accorded  carbon  or  metallized  lamps,  and  are 
very  greatly  superior  to  those  originally  produced,  standing  any 
reasonable  amount  of  vibration  without  breakage.  Unless  acci- 
dentally broken,  the  lamps  will  easily  average  1,000  hr.  useful  life. 
In  fact,  the  efficiency  ruling  have  been  increased  repeatedly  (i.e., 
the  watts  per  candle  decreased  i  in  order  In  keep  the  average  lamp 
from  exceeding  the  rated  life  too  greatly.  The  useful  life  of  vacuum 
lamps  has  also  been  greatly  increased  by  the  addition  of  certain 
s  which  absolutely  pivvent,  except  in  case  of  impaired 
,  the    blackening  of    the  globes,   which   was   formerly  so 


It  is  possible  to  substitute  tung-lcn  lamps  for  either  the  obsolete 
carbon  or  the  metallized  filament  lamps  to  give  an  equivalent 
candle-power  with  a  saving  of  at  least  60  per  cent,  in  the  energy 
consumed,  or  to  consume  an  equivalent  amount  of  energy  with  an 
increase  of  at  least  60  per  cent,  in  the  light  produced.  The  saving 
effecte'd  by  the  use  of  tungsten  lamps,  especially  by  substituting 
the  larger  size  lamps  for  many  smaller  lamps,  is  of  treat  importance. 

The  efficiencies  of  modern  vacuum  tungsten  lamps  range  from 
about  r.3  watts  per  candle  for  the  10-watt  lamps  up  to  0.9  watt 
per  candle  for  the  250-watt  lamps.  The  average  foe  all  sizes  is 
about  1.3  or  t.4  watts  per  candle. 

53.  Tungsten  Lamp  Characteristics. — The  positive  temperature 
characteristic  of  the  metallic  filament  makes  the  tungsten  lamp 
much  less  sensitive  to  voltage  variation  than  the  carbon  or  even 
the  metallized  carbon  filament.  The  resistance  oi  fee  Kis.tokk». 
is  very  much  lower  when  cold  than  at  its  opetaVm?,  VEEK^w-Xjast. 
This  causes  it  to  rake  an  abnormal  current  »im  fcxsA.  wmsi  <» 
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causing  the  light  intensity  to  increase  very  n 
well-known  "overshooting"  of  tur~~"~~  '""" 

noticeable  when  both  carbon  and  h.  „ 

the  same  switch,  the  white  light  from  the  tungsten  lamps  asp 
an  appreciable  interval  of  time  before  the  yeJlower  light  i 
carbon  lamps.     The  changes  produced  by  this   character 


cently  it  has  been  the  practice  of  lamp  manufacturers  to  exbuat 
the  bulbs  of  incandescent  lamps  to  an  almost  perfect  vacu 
has,  however,  been  demonstrated  that  it  is  possible  to 

tungsten  wire  filaments  at  higher  temperature*  in  a  bulb  ca „ 

an  inert  gas.  The  presence  of  this  inert  gas  in  the  bulb  retaidi  til 
evaporation  of  the  filament.  The  convection  currents— hot-pt 
currents — carry  any  pai"'  '  .....  » 

the  bulb  where  they  are  ■    . 
useful  light.    The  filaments  of  these 
in  a  compact  manner  to  prevent  the 
the  passage  of  the  rising  gas.     These  gas-i 
referred  to  by  some  manufacturers  as  Matda  C  limps  to  ■ 
them  from  the  vacuum  tungsten  lamps  which  am  now  called 
B.     The  gas-filled  lamps  operate  at  considerably  higher  effk  . 
than  do  the  vacuum  lamps  but  are  so  Hwdgn^  as  to  give  the  aw 

ifani 


cooled  appredabVaJ 


useful  life,  viz.,  1,000  hr. 


5  the  usual 


practice  to  n 


The  efficiencies  range  from  0.80  watt  per 

multiple  lamp  to  0.45  watt  per  candle  for  the  1,000-c-p.,  450-mtt 

street  series  lamp. 


£ 
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54.  The  tantalum  lamp  had  a  filament  comprised  of  metallic 
italum.  It  had  an  efficiency  of  about  2  watLs  jut  candle.  This 
ip  is  not  satisfactory  for  use  on  nllcnuliiiw  LLirn.nl  a-;  IIil-  1'iliiriii-iil 
:omes  beady  and  breaks  alier  a  short  life.     The  demand  for  this 

lp  has  practically  censed,  it  li;ivi:ig  l.ieim  supersevled  by  the  more 
aent  and  rugged  tungsten  lamp. 


4-0     \     fayo    \     5b-a    \     »■ 
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57,  Bases  for  Incandescent  Lamps  (See  Fig.  j  _ 
nomenclature  in  this  respect  has  been  Changed  recently.  One  01 
the  important  clumps  is  L 1: ■  -  substitution  of  the  term  "Screw"  f 
"Edison"  as  applied  to  bases.  The  term  "Hayonet"  base  has  be 
adopted  in  place  of  the  term  "Ediswan"  base.  The  classifying 
adjectives,  ''Medium"  and  "Mogul"  have  been  adopted  ir 
of  the  words  "Large"  and  "Street  Series"  which   \ 


used.    Lamp  bases  may  be  divided   into   three   general   classes  J 
as  the  base  in  a  general  way  determines  to  which  of  the  three  styles  I 
the  lamp   belongs.      1.  Medium    bmrs,    pene  rally    used    with  large    I 
lamps.     2.  Small    bases,    generally    used    with    candelabra    and 
■e  lamps.     3.  Mogul  bases,  generally  used  with  street  series 


ARC  LAMPS 

58.  Carbon  Arc  Lamps.— If  two  pieces  of  carbon 
to  an  electric  circuit  and  brought  together,  current  flows  through 
them.  As  the  contact  between  the  two  pieces  is  poor,  due  to  the 
nature  of  the  maLerials,  considerable  heat  is  developed  at  that 
point.  If  the  Ivro  bariums  are  now  slowly  separated,  the  resistance 
of  the  contact  increases  until  the  heat  developed  becomes  sufficient 
to  vaporize  the  end  of  one  or  of  both  of  the  carbons.  This  vapor 
forms  a  conducting  path  for  the  current  after  the  carbons  are 
separated  and  the  current  flows  through  this  vapor,  forming  an 
electric  "arc." 

59.  Open  and  Enclosed  Electric  Arc  Lamps. — When  the  air 
can  come  freely  in  contact  with  the  arc,  the  carbons  are  burned 
away  very  rapidly.  This  is  the  case  with  open  arcs,  which  term 
includes  those  having  a  large  globe  into  which  air  can  enter  freely. 
To  prevent  the  rapid  oxidation  of  the  carbons  and  also  to  make 
the  arc  more  steady,  an  inner  globe,  almost  air  tight,  is  provided  on 
all  modern  carbon  arc  lamps.  This  globe  ' 
or  cap  are  so  designed  that  just  enough  air  i 

the  carbon  vapor  so  that  it  wffl.  not  denw 
increase  in  life  of  carbons  tViat  resets  to 
indicated  in  60. 


11!  (he  "gas  check" 
admitted  to  burn  Up 
t.  on.  'One  <gio\«.  Toe 
n.  ■ec&Vi'&B.'E,  'Cos.  me  is 
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The  carbons  of  an  enclosed  carbon  arc  lamp  should  burn  k 
hr.  on  alternating  current  and   150  to  180  hr.  on  direct  currents 
properly  operated.     Also  as  the  air  is  excluded   the  carbons  can  I 
be  burned  farlhcr  apart,  resulting  in  better  light  distribution. 

To  secure  satisfactory  operation  of  an  enclosed  arc,  however, 
care  is  necessary  in  ihc  selection  of  carbons,  both  a 
and  quality.     Sufficient  air  must  be  admitted  to  1 
carbon  vapor  as  it  is  given  off  or  it  will  deposit  on  the  globe;  tn 
much  air  will  greatly  decrease  the  life  per  trim.    If  the  d' 
is  not  right,  either  too  great  or  too  small,  air  will  be  a 
through  the  gas  chuck.    If  the  quality  of  the  carbon  i: 
deposit  will  form  on  the  inner  globe  and  discolor  it. 

61.  Flame  Arc  Lamps. — Any  of  the  ordinary  carbon  :-. 
can  be  made  to  (lame  by  increasing  the  arc  length  or  the  cut*., 
density.  Such  a  Qamc  gives  off  little  or  no  light  and  hence  is  di 
advantageous.  By  feeding  into  the  arc  certain  metallic  salts  the  1 
arc  flame  can  be  made  to  produce  light — the  color  varying  with 
the  metal  used.  Calcium — especially  calcium  fluoride — produces  I 
a  yellow-colored  light  of  very  high  efficiency.  Strontium  salts 
produce  a  reddish  color  and  barium  and  titanium  salts  a  brilliant  I 
white,  at  a  somewhat  reduced  efficiency.  The  metallic  salts  are  ' 
introduced  into  the  flame  by  using  either  carbons  cored  with  1  I 
mixture  of  soft  carbon  with  the  desired  salt  or  salts  or  an  electrode  I 
impregnated  throughout  with  the  desired  compound.  The  car-  I 
bons  may  be  vertical,  and  co-axial  as  in  the  ordinary  arc,  hut  I 
in  most  open-flame  lamps  they  are  inclined  in  a  V-shape.  1 
There  is  thus  no  obstruction  to  the  light  below  the  hod-  1 
zontal.  The  arc  burns  in  a  cup-shaped  economizer  of  a  refractory 
material,  which  serves  as  a  reflector,  to  shield  the  arc  from  air  I 
currents,  and  to  prevent  it  from  running  up  the  carbons.  A  small  | 
magnet  just  above  the  economizer  serves  to  "blow"  the  arc  dowa-  ' 
ward  into  a  bow  shape. 

62.  The  open-flame  carbon  arc  is  dirty,  giving  off   offensive     1 
fumes,  and   is  very  costly  lo  maintain  on  account  of  the  short  life 
of  the  carbons,  which  are  quite  expensive.     These  defects  have 
been  overcome  by  enclosing  the  arc  in  an  air-tight  chamber. 

63.  Candle-power  of  Inclined  Electrode  Flame  Arc  Lamps.— 
The  light  from  this  type  of  lamp  is  given  off  at  i(s  greatest  intensity 
in  a  direction  nearly  under  the  lamp.  This  is  excellent  for  display 
lighting  but  not  so  satisfactory  for  slivct  illumination  and  for  this 
purpose  the  light  distribution  from  the  lamp  is  modified  with  a 
suitable  reflector. 

64.  Long-burning  or  Enclosed  Flame-carbon  Arc  Lamps,— 
Several  manufacturers  have  recently  placed  on  the  market  flame 
arc  lamps  constructed  on  the  prim  iple  of  i  lie  enclosed  carbon  lamp, 
i.e.,  having  an  enclosed  ate  chamber  from  which  free  access  of  air 
is  prevented.  Some  of  these  lamps  have  a  burning  life  of  as  much 
as  100  hr.  per  trim.  The  globe  is  kept  free  from  the  deposit  of 
soot  by  arranging  the  air  circulation  and  condensing  chambers  it 
which  the  fumes  deposit.     These  lamps  preserve  the  advanta; 

of  the  flame  arc  lamp — high  light,  efficiency— nviinwA/Watm 
of  its  objectionable  features. 


of  air 

rersin 

mtap- 
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le  enclosed  flame  arc  lamp,  the   arc  of  which  is  cssen- 

of  the  ordinary  open  Same  arc   lamps,  has  a  burning 

m  of  100  hr.  and  compares  favorably  in  candle-power 

-cy  with  the  short-burning  "pin-ihi  me  arc  lamp.    To 

burning  iife  of  the  carbons,  the  arc  is  enclosed  in"a 

which  the  supply  of  air  is  limited,  as  in  the  case  of  the 

enclosed  arc  lamp.     In  the  [lame. carbon  lamp,  however, 

cy  is  reduced  very  little  by  the  enclosure. 

grtetite,  Luminous,  or  Metallic  Flame  Arc  Lamps. — 

-veral  makes  of  lamps  on  the  market  using  one  electrode 

.t  requires  very  infrequent  renewal,  and  one  of  metallic 

;se  lamps  combine   ilie  principles  of  the  carbon  s   " 


I  the  electrodes 


in  that  both  the  a 
luminous.    _  These 
the  peculiarity   that 
ve     electrode     burns 
the    positive   elec- 
umed  very  slowly, 
these  lamps  to  direct- 
cuils.      The  negative 
of    these    lamps    is   a 
conductor  when   cold 
re  a  conducting  v 
run  through  its  c 
current   to   the  s 
e-serving    principally 
f   of  substance  to  be 
he  arc.    In  one  make 
the  negative  is  placed 
torn  and  in  another  at 

ive  electrode  (Fig.  29)  or  cathode  has  a  life  of  160  to 
The  arc  flame  is  brightest  near  the  ne.^alive  electrode 
_es  in  brilliancy  and  volume  as  it  nears  the  positive 
Mechanisms  in  these  luminous  lamps  feed  the  negative 
intermittently  by  restriking  the  arc.     When  the  current 
on   the   feeding   magnets   arc  energized,  bringing   the 
together  and  striking  the  arc.     A  shunt  magnet  con- 
id  thearcacls  when  llie  voltage  caused  by  lengthening 
;  sufficiently  increased.    This  closes  a  contact  which 
1  the  arc,  causing  the  feeding  magnets  to  strike  the 
with  sufficient  force  to  dislodge  any  drops  of  slag  which 
accumulated. 
mailc  arc  is  well  a'hpieil  for  serif-;  operation  wilb  low 
Wickenden.)    The  four-ampere  lamp,  designed  for  series 
80  volts  per  lamp,  has  been  widely  used  for  street 
The  6.6-amp.  lamp  has  a  much  higher  efficiency 
ewhat  shorter  life  per  trim, 
tensified   Arc    Lamps. — By  using    special,  small   diam- 
and  a  high-current  density  in  these  lam^s,  tha  tem- 
lie  arc  is  considerably  increased ,  mi\  \>\v  ™\snWvV 
rie  incandescent,  giving  an  mcie.ly=e&  \'v£w.  sSSna.ew?j 
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current,  passing  from  the  positive  electrode  to  the  negative,  vapor- 
izes some  of  the  mercury  and  causes  the  vapor  I"  become  luminous. 

70.  The  Arc. — It  being  practically  impossible  to  pass  an  alter- 
nating current  through  a  mercury  arc,  the  mercury  vapor  lamp  is 
tin  ivl'-ii  ■■-'"■'■:■'.  '  ''■  ■  '■■  iri'iil  1 . 1 ;  1  ■  | . .  .  i  n . !  ;.-iv<::  its  best  re- 
sults when  operating  on  direct  current.  By  providing  two  anodes, 
and  an  auto-transformer,  the  lamp  can  be  operated,  however,  on 
alternating  current,  using  the  principle  of  the  mercury  rectifier,  and 
alternating- current  lamps  are  regularly  marketed  and  satisfactory 
in  operation. 

71.  Quality  of  light  from  a  mercury  vapor  lamp  is  peculiar.  It 
contains  no  red  rays,  and  has  a  peculiar  bluish-green  color,  which 
greatly  distorts  the  color  values  of  objects  viewed  by  it.  For 
work  in  which  it  is  nut.  necessary  to  distinguish  color  values,  two 
advantages  are  claimed  by  the  maker.  First,  due  to  the  absence 
of  red  rays,  it  is  easy  on  the  eyes,  since  these  rays  are  the  least 
effective  in  producing  vision,  aiul.  owing  lo  their  limiting  power,  are 
irritating  and  fatiguing  to  the  retina.    This  is  offset  by  the  great 

Ereponde ranee  of  ultra-violet  rays  which  are  claimed  by  some  to 
e  harmful,  although  this  has  not  been  established  ex  peri  men  tally. 
Second,  the  approximately  monochromatic  nature  of  the  light 
promotes  acuity  of  vision,  i.e.,  objects  are  seen  more  sharply  and 
details  are  more  easily  discernible  than  by  white  light.  The  lamps 
are  chiefly  useful  for  drafting,  photography,  and  for  lighting  large 
manufacturing  areas. 


PRINCIPLES  OF  ILLUMINATION  DESIGN 

7a.     General  Principles  of  Illumination. — The  general  pur, 

of  illuminal  ion  is  l<>  enable  thing;  to  be  easily  seen.  As  things 
sesn  by  the  light  reflected  from  them  into  the  eye,  it  is  necesi 
to  have  the  lighting  units  of  such  number  and  intensity  and  s 
arranged  as  to  make  the  things  it  is  desired  to  see  most  easily  seen. 
To  do  this,  account  must  be  taken  of  the  effect  of  illumination  on 
the  eye.  Before  attempting  to  lay  out  an  illumination  scheme 
one  should  be  familiar  with  the  facts  outlined  under  Physiological 
Features  of  UlumiwitUm.  Paragraph  I. 

73.  Location  of  Lights.  -Xo  general  rule  can  be  given  for 
location  of  liglirs.  i\>r  general  illumination.  It  is  always  desirable 
to  SO  distribute  the  units  that  uniform  illumination  will  result. 
Where  the  number  and  location  of  lighting  outlets  is  not  determined 
by  architectural  conn  derm  inns,  or  by  the  arrangement  of  the  furni- 
ture and  fixtures,  it  is  desirable  to  arrange  the  lighting  outlets  in  the 
form  of  squares  or  rectangles.  It  is  important  that  the  units  be 
placed  at  the  centers  of  the  squares  and  not  at  the  corners.  Fig. 
33  shows  this  method  of  locating  outlets  which  is  bad  because  it 
gives  a  very  low  intensity  of  illuminatum  iilmt  \\v,  vKvsJis,,  is,  csnb.- 
psred  with  th.it  at  the  center  of  the  roam.  "E\?,.  ■",■),  ^osr**  *» 
correct  way  of  locating  outlets  in  the  centers  (A  vcit  ■boji-a.xes.-  ^ 
certain  cases,  notably  in  office  lighting,  U  m-iy  \»e&e*wM»w>vB 
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the  outer  rows  of  outlets  somewhat  nearer  the  side  walls  of  tl 
room  than  would  be  the  case  if  symmetrically  arranged  as  si 
in  the  diagram,  to  avoid  shadows. 

For  a  given  veiling  height,  the  smaller  the  squares,  the  less  it 
tense  will  be  any  shadows  produced.     The  higher  the  ceiling,  th 
larger  the  squares  can  be.     As  a  general  nilr  the  side  of  each  square  t 
should  about  equal  the  height  of  the  '.-filing.      1'or  offices  that  have  f 
no  desk  lighting  the  squares  should  be  smaller,  say  f  the  height  of 
the  ceiling,  to  reduce  shadows;  for  stores  the  squares  can  be  a  little  ' 

If  the  room  is  divided  by  partitions,  each  enclosure  should  b 
treated  as  a  separate  room. 

Where  the  ceiling  is  divided  1 1 -. ■  ■. ■  pnnels  or  broken  up  by  girder 
the  size  and  location  of  these  often  determine  the  spacing  of  ll 
lights.  In  such  cases  it  is  advisable  to  space  the  lighting  u 
symmetrically  according  to  the  decorations  and  girders  and  & 
lamp  sizes  and  reflectors  adaptable  to  such  spacing. 


jTTjT 

♦   ! 

♦  f  ♦ 

♦   I 

1  *    A 

• 

74.    Desirable  Sizes  of  Squares.— In  lighting  large  offices,  where 
individual  desk  lights  are  not  employed,   tin:   squares  should  be 
comparatively  small  in  order  to  have  the  light  on  any  one  desk  I 
coming  from  many  units,  thus  merging  the  shadows  and  decreasing  ' 
the  glare  due  to  regular  reflections  from  the  desk.     In  stores,  the. 
squares  need  not  be  so  small.     The  size  of  the  squares  bears  no  ' ! 
relation  to  the  intensity  of  illumination,  but  onlv  to  the  evenness 
of  illumination  and  depth  of  shadows,     The  following  table  gives   ' 
the  sizes  of  squares  desirable  for  various  spaces  for  direct  lighting  '' 
The  table  cannot  be  strictly  adhered  to  in  all  casts,  and  it  is  better 
not  to  use  with  the  smallest  ceiling  height  in  each  line  the  largest  size 
square  available  for  that  height.     In  office  lighlir.a   .rith  no  desk   ' 
lights,  the  squares  should  never  be  raata  so  \ai^e  tt,a.t  e^lEWivjc 
reBectors  are  necessary  to  obtain  untiatTr.  l&^WflM.'Cvsft.    V&<Ao- 
fAane  Company.) 
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i  individual  H«'*  :.ghti 


mthuul  individual  dot 


75.  A  spacing  chart  for  prismatic  reflectors  is  shown  in  Fig. 
14.  Knowing  either  the  spacing  or  mounting  height,  the  correct 
reflector  and  its  proper  mounting  height  or  spacing  1 
Bermined    * 


Spoking  (Average)  fctween  Outlets  -far  Uniform  II  In  minor  ion 
Pig.  34.— Spacing  chart  far  reflectors.     {r/ofof-Aamr  Company.) 
Example  — Consider  an  installation  for  which  a.  spacinR  distance  of  14ft. 

I-  t..i-  .-all 
,r  .1  Tii.-iLi::Linir  ]im.;1i  :  r,f  n :  ■  .  1.1 1  *>  1  ft.  :l!..(<vc  t  h*  H.or.  This  ii  ■.hvL..-i.is]v  t.o'i 
...  i.   ■■    ■iir-ii-   !■■      .:  :i  ■       n    ihal   *       or 

right  of  tjift.  is  found.     Tins  .  iv<;s';l  i\  i.-.r.  ;t  n-.-'r  fv  tii   n  :' :  i::u   1  ,       .!■.,-■■: 
■nut  I  ft.  with  a  15-ft-  ceiling. 

75A.  Spacing  for  indirect  and  semi -indirect  lighting  is  deter- 
mined largely  by  the  ct-ilinj?  height.  'I'll u  distance  between  units 
hould  not,  m  general,  exceed  i\  times  the  height  of  the  celling 
bove  the  plane  to  be  lighted,  draughting  rooms  and  offices  where 
*ose  work  is  performed  should  have  closer  spacings. 
76.  Mounting  height  usually  means  the  distance  from  the  center 
the  lamp  to  the  plane  of  Illumination,  but  it  may  mean  the 
ol]r.i„,.  i.„i..i..  fihov"  the  fl™"1  'hT  is,  tb"  Vi"V  from  the  floor 
to  Hi 
77- 

vSaol  of  the  An*  Uluciinawu  {Eitftric  MmJ',.- *» 
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Eacturing  area,  the  direct  system  is  almost  invariably  cmplo 
and  the  lamps  mounted  within  a  foot  or  two  of  the  ceiling  or 
stringer  boards  which  span  the  spa™  between  the  lowest  mem 
of  roof  trusses  at  intervals  where  rows  of  lamps  are  deemed  nc 
sary.  High  mounting  is  desirable  because  then  tbe  lamps 
out  of  the  way  of  cranes,  are  less  liable  to  be  broken,  tbe  g 
is  reduced  to  a  minimum  and  in  the  case  of  a  light  ceiling  Lhei 
more  reflection  and  better  di:li>iiin  of  lipht.  Tbe  lamps  shoulc 
lowered  in  local  i<ins  where  then1  is  horizontal  overhead  belling 
the  level  of  the  bottom  of  the  belting;  otherwise  a  portion  of 
light  is  ineffective.  It  may  be  necessary,  for  the  same  reason 
install  two  or  three  units  in  an  area  where  tbe  conditions  wt 
otherwise  warrant  one  unit. 

In  office  lighting  the  direct,  indirect,  or  semi-indirect  sys- 
may  be  used.  With  the  direct  system  the  lower  intensity  l.u 
such  as  the  6o-watt  unit,  give  most  satisfactory  results.  Th 
due  to  the  fact  that  the  glare  and  inconvenience  from  shadon 
reduced  to  a  minimum.  Ordinarily  the  lamps  should  be  mom 
near  the  ceiling. 

78.    Appro*.  Desirable  Mounting  Heights  for  Tungsten  Lai 


78A.     Mounting  Height  and  Spacing  for  Reflectors 


Type  of  teflecto  rs 

[Multiply   J]]„u::L::-.,.    h-  - 

by    f...llf,wiriK   to   obtain 
spacing  of  lamps) 

Ratio  :e-^ 
{Multiply  spacing  by  tc,V      1 
owing  ijMwn  mou 

oso 

Foc™^ 

55 

Concentrating 

ffi.     Total   Lumens   givon  b?   Clear,   Regular   Bulb    Hull 
I  ■  ■      I  ■ 

J  he    ajnouuL    -A       g/A   rwivs.'uA  \i 


■iiiiT 
■ 
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'       l»mp  is  a  perfectly  definite  and  measurable  quantity,  the  value  of 
which  depends  upon  the  wattage  of  the  lamp  and  the  efficiency  at 
which  the  lamp  is  burned.     The  unit  in  which  quantity  of  light  is 
measured  is  called  the  lumen. 

In  the  following  table  are  given  the  values  of  the  total  lumens 
radiated  by  each  of  the  incandescent  lamps  in  most  common  use 
for  lighting  purposes.     The  figures  given  in  this  table  are  correct 
Jor  lamps  operating  at  normal  voltage  with  the  efficiencies  which  ate 
iUndard  at  this  date.     Use  of  table  is  explained  in  par.  85. 
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Knowing  the  intensity  desired  fi6  and  17)  on  the  surface  t< 
rainated  and  its  area,  the  total  Bui  or  lumens  required  to 
that  average  illumination  is  readily  computed: 

.  =  Area  (sq.ft.)  X  Intensity  ijoot-candles) 


p^^ 


Constant 
e  thing  in  letters 


_fxc 


I 


Wherein  F  =  the  total  flux  in  lumens  from  all  of  the  light 
that  illuminate  the  area;  S  =  the  area  illuminated  in 
7  =  the  average  intensity  in  foot-candles  over  the  enti 
C  —  constant  from  84.     Knowing  the  total  lumens  required,  i 
possible  to  determine  how  many  lighting  units  of  a  certain 
what  size  of  lamps  of  a  given  number  are  required  to.  provide 
quired  flux  (lumens).     The  lumens  generated  in  a  given  lam 
be  found  from  the  table  in  par.  70. 

83,  Illumination  Constants—  The  "flux  of  light"  method 
culation  is  based  on  the  assumption  that  a  certain  proportio 
light  generated  in  a  room  is  throw  11  on  tin-  surfaces  to  be  ilium 
Some  of  it  is  thrown  on  the  walls  and  ceiling,  and  of  this  onlj 
is  reflected  to  the  illuminated  plane.  The  following  table  in< 
approximately,  the  percentage  of  [he  light  generated  that 
the  illuminated  plane  under  different  conditions. 

84.  Average  Illumination  Constants,  Per  Cent.  Lumens 


■  ti-.inlii.c.  i: 
Opal 


.—  size  of  the 

200eq.lt.. .'... . 

"  to  40  per  cent.     For 

tcr  than  the  above- 

'0  the  nails  are  of  1 


■  .........  .1.    .. 
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85.  Example,  "Flux  of  Light"  Method  of  Calculating  Illumina- 
ion. — Suppose  we  have  a  notions  store  to  light,  the  dimensions 
if  which  are  length,  80  ft.;  width,  25  ft.;  height,  12  ft.  6  in.  The 
idling  and  walls  are  light.  Tungsten  lamps  with  prismatic  velvet- 
iniph  reflectors  are  to  he  used. 

Referring  to  *he  table  in  paragraph  17  '-•■'■  tin 'I  slvit  stores  o:  this  rh.iracli'r 
h-julil  h:t v.'-  an  il!nr,'i  nation or"  .;.'>  :'-r.      The  ;n::,  "i  'he  store  is  So  X  ?5  or 


ph84)!'"? 


TTie  number  of  »! 


ns  with  light  ceiling  a 
le  formula  of  Si  thus; 


ruber  of  60-wa.tt  la 


d  would  be,  there  fort',  II,  If 
I    the    numbp-    of    150-waf 


'■'iVC' 


The  reflectors  should  be  selec 

nn  the  l;:rii>'S  about  10  ft.  above 

j:  !;.„,;,  ■■■■  : 

:he  ceiling  Hie  ratio  would  beJJ- 


(See  paragraph  73.)     The 
!rrelore°about'  ■  ■■ 


ilirgheightislalft.,1 


86.  Watts  per  sq,  ft  Method  of  Designing  Illumination  In- 
stallations.— Where  only  one  type  of  lighting  unit,  the  tungsten 
.amp,  for  instance,  is  used  and  the  iiiousilitig  hcii;ht  of  the  units 
'alls  within  the  limits  specified  in  78,  this  method  can  be  used. 
However,  the  Flux  of  Light  is  now  usually  considered  the  pref- 
;rable  method.  The  "Watts  Per  Square  Foot,"  of  Table  frr.  ia. 
iascd  on  the  fact  that  with  a  given  lype.  ol  \im?  wa&.  &rc* 
illons,  one  /oot-candlc  intens.ity  will  be  ^to&ocai  * 
g  plane  by 


e*penditMe  On  ^r^A^  *  tK,a 
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Similar  tables  can  be  compiled  for  illuminants  other  than  tun; 

In  using  the  method,  determine  the  size  of  lamp  required  from 
Table  78  and  the  watts  per  sq.  ft.  necessary  to  produce  the  desiret' 
intensity  from  Table  87,    Then: 

Wattage  of  lamp  .  .    -.  ,  .      .  .    .. 

,,-  „      ■    tt-  =  area  of  square  of  which  lamp  u  the  center. 

Walts  per  sq.  ft.  j     1  j  r 

Taking  the  square  root  of  the  value  representing  the  area  of  this 
square,  the  length  of  the  side  of  the  square,  or  the  "ideal  spacing 
distance"  between  lamps  is  obtained.     It  follows  that 


-vj-V! 


Wherein  d  =  ideal  spacing  distance  in  feet;  A  =  the  area  of  the  ideal 
square  in  square  feet;  W  =*  wattage  of  each  lamp  and  t»  —  1 
per  square  foot. 


Q        ' |3 

|L-  io'--M : 

1   1       !*( 

ffr  *'  *.' " " "  "il 

\m  ...t    .v*    j    *b    .• 

_J' 

The  spacing  distance  d  having  been  ascertained,  the  designer 
should  ^0  lay  out  his  area  into  squares  or  rectangles  (Fig.  33)  that 
the  distance  between  lamps  will  be  as  nearly  equal  to  the  distance 


rfas, 


,sible. 


c  there  are  different  ceiling  heights  in  the  same  room,  the 

fixe  of  (.imp  is  finally  decided  by  \h,e  lAaAwnv  iA  s^asiwft  distances 

to  the  dimensions  of  the  room.     Tot  ftift  ^Vft  <ft  *\otA3.\«u 

the  number  of  sizes  of  lamps  used  may  \re  «&>"£&  ^v*"1" 

in  the  right-hand  half  of  Tab\e7&. 
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.V.";';M: 


TO  ft!V0Itaismde1: "del, 


om  Table  87)  »  i'g  walls   0"  sq.    /('.  fer'foal-candlt  X  \f?-f.—_l. 


Sq.ft.        Til! 

;  out  the  lamps  it  Is  found 
L.f  6  fl.  s  in.  ],l.w-  Ui.-i 
.-.Lii  irall.  In  th.,  uthLTrt 
akcs  7  ft.  3  in.  tilt  ciiiii:: 
n  here  he  spaced. 


.:  i:.,-  ■  ■! 

Il..1;l„'    rVrr-frn,,,.      Thi-  general  Sf,.,,:.;,;.!.:!^  ,,,.,- 

=  46  sq.  ft.   (Pig.  36),  giving  H  -   i,j  WHttt  pet 

r  the  whole  area  the  figure  [5  frmnd  to  Ik-'- - 


Watts  per  Square  Foot  Necessary  to  Produce  an  Intensity 
:.  with.  Vacuum  Tungsten  Lamps.  (National  Electric  Light 
'■ion). — Table  is  ccmq.iili-il  on  the  iis^umuikni  of  an  efficiency 
tt  per  candle.  This  is  about  the  average  efficiency  for  ail 
ommonly  used  sizes  of  vacuum  tungsten  lamps. 


Area  30  ft.  X  30  ft.  or 
larger 

Small  areas 

ting  un,t 

Light  ceiling 

Light  ceiling 

Light  walls     Dark  walls 

Light  walls 

Dark  walls 

O.S4 

0.37 

o!so 

ivy  density.  .. 
at  density 

oi3? 

ndn-ecc 

0.03 

e  the  efficiency  of  ihe  lighting  unit  to  be  used  is  other  than 
watt  per  cani.Ho,  the.  watts  per  square  fool  required  will 
Mip.iiii.inalcly  with  the  efficiency.  The  watts  required 
ft.  varies  directly  as  intensity  in  foot-candles. 
Procedure  in  Designing  a  General  Illumination  Installa- 
ble Watts  per  Square  Foot  Method  (Alex.  J.  Airston, 
Journal). — 1.  Measure  the  location,  making  a  rough 
if  plan  and  L'k-vali'>n  shim-ins:  ceiling  or  roof  trusses,  posi- 
f  windows,  obstacles  which,  may  aficcl  vW  vceXs&ra&Ma-, 
out/els  ;md  switching  if  any,  and  giving  Wa.  Ksb.<sbs*s»- 
ke  a  note  of  color  and  condition,  oi  "wafts.,  tefce*,,  V»- 
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niture,  machinery  and  equipment  a; 
carried  on  and  the  closeness  of  applies 
3.  a.  Draw  plana  to  scale. 

b.  Decide  on  the  lamp  size  and  mounting  height. 

c.  Assume  the  watts  per  square  foot  to  be  used. 

d.  Deduce  the  ideal  spacing  distance— d  =  -x  /Wattage  of  I  agj 

\Wattspersc|.fl. 

e.  Lay  out  positions  of  lamps  on  the  plan,  to  give  regidll 
spneine  distances,  installing  a  row  within  2  ft.  g  in.  of  rnch  wall  ii 
an  office,  and  approximating,  as  near  as  possible,  to  Ihe  ideal 
spacing  distance  in  both  directions. 

f.  Make  a  tracing,  from  the  plans,  showing  boundaries  of 
the  area  and  positions  of  lamps  and  old  outlets,  ii  any,  also  switch- 
ing. 


h.  Show  control  of  lamps  hy  numbering  all  lamps  on  out 
switch  with  the  same  number. 

4.  Check  up  the  design  al   the      ti  iu!i  to  -.■■■  that  carh 

lamp  is  effective  and  free  from  all  possible  obstacles. 


due  tn  dust  and  a^inc  oi  l;,:::;.^.      Wi'li  !;,--ii-  fn-w  and  rcftcrt.or: 
fffiviCTidcs   of   utilization   will   be  mrrcspundingly  higher  than  g 

IMTERIOR  ILLUMINATION 
90.  House  Lighting. — The  intensity  generally  required  in  each 
room  of  a  residence  is  given  in  the  table  of  paragraph  16.  Ceiling 
fixtures  in  which  the  lamps  hang  at  an  angle  should  be  avoided. 
As  shown  in  Fig.  37,  such  fixtures  tend  to  throw  a  strong  light 
around  the  walls,  and  into  the  eyes  of  persons  in  the  room,  al- 
though the  angle  shown  in  Fig.  37  is  the  correct  one  when  an 
incandescent  lamp  is  completely  enclosed  in  a  ground  glass  or 
opal  globe^an  inefficient  arrangement,  YiuA.  cooa&saed.fa'j  some  to 
be  artistic.  Lamps  hanging  pendant,  as,  "m  Y\%.  ^  &«x&™s*^6b& 
light  in  useful  directions.    Dittnsins  ^oasa  <«  - 


ttrifc\ft 
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used  on.  all  lamps  which  hang  low  enough  to  fall  in  the  line  of 
vision.  Bowl-frosted  lamps  should  be  used  unless  the  lamp  itself 
is  completely  shaded. 

91.  Lighting  the  Kitchen  and  the  Bedroom.— These  are  the 
two  rooms  in  a  house  in  which  the  arrangement  of  the  lights  is 
ordinarily  most  unsatisfactory.  A  single  light  or  group  of  lights 
in  the  center  of  the  kilchen  usually  compels  the  Cook  to  Work  en- 
tirely in  her  nun  shadow,  whether  at  the  range,  the  sink  or  the 
kitchen  cabinet  or  table.  A  couple  of  small  bracket  lights  at  the 
side  of  the  room  can  usually  be  arranged  lo  satisfactorily  light  all 


three  of  these  locations,  and  a  third  small  light  in  the  center  of, 
the  room  will  give  general  illumination.  The  three  need  con- 
sume no  more  current  than  a  s'nde  larger  unit,  ;snH  will  give  much 
more  satisfactory  service.  Similarly  in  a  bedroom,  one  or  two 
bracket  lights  should  be  provided  at  the  dressing  table,  with  a 
small  unit  in  the  center  of  the  room  for  general  illumination.  The 
ordinary  arrangements  arc  usually  satisfactory  for  other  rooms, 
except  that  a  single  coiling  or  table  light  in  a  library  requires  that 
all  readers  shall  sit  '.villi  their  backs  loward  one  another  to  secure 
satisfactory  reading  light.  This  can  be  obviated  by  using  scattered 
eciline.  I  is  Ins.  ioar  , ..-  .■,-,,r;-. .  impending  on  the  size  of  the  room,  or 
by  side  brackets  with  reflectors  of  a  type  which  will  shade  the  light 
from  the  eyes  of  those  sitting  across  the  room. 

g2.  Living-rooms. — The  lighting  of  the  living-rooms  should  in 
general  be  done  with  a  view  toward  proilncing  a  comfortable  and 
cheerful  appearance  rather  than  a  high  efiiciency.  The  more 
highly  eliicienl  types  of  reflectors  are  generally  out  of  place,  as 
they  do  not  allow  sufficient  general  illumination  to  properly  show 
the  pictures  and  decorations,  and  therefore  produce  a  gloomy  effect. 

93.  Store  Lighting.— The  object  of  the  illumination  in  a  store 
is  two-fold.'  Primarily,  sm  lid  en  l  illuminalion  must  be  provided  to 
enable  articles  lor  sale  to  be  seen  plainly.  But  of  almost  equal 
importance  is  I  he  iulvenising  value.  The  lighting  units  must  be  so 
selected  as  to  give  a  pleasing  and  cheettvA  a.'p^aiaEsa  to  tioft.i*M» 
as  a  whole,  without  glare.  Stores  may  te  4W\ie4m\»  tetee O^ssas; 
The  small  store,  "in  which  efficiency  \s  o\  fvtiV  VLw.1.^iVifo.-.a\'i 
store,  such  as  a  department  store,  "\n  ni^acYi  rf&»BQK.*j  ■^'°-* 
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sary  on  account  of  thclarge  areas  to  be  lighted,  but  must  be  bah 
by  artistic  appearance,  the  result  being  a  compromise  between 
two;  and  shop*.  large  or  small,  in  which  the  articles  for  sale  , 
of  a  special  type  and  the  profits  large  enough  that  they  can  affo 
to  have  even  the  most  inefficient  system  if  it  be  sufficiently  at"" 
tiveor  unique  to  attract  customers.  Thcgeneral  requirements! 
must  be  met  are  outlined  in  the  following  paragraphs: 

04.  General  Features  of  Store  Lighting.— The  intensity  of 
illumination  must  be  varit  d  with  trie  anieles  which  are  to  be  sold. 
Furniture  requires  well -diffused  lis  hi  i"K  "'  relatively  low  intensity. 
Colored  dress  goods,  men's  clothing,  rugs  and  carpets,  etc.,  require 


ing-g  of  railing  lights  for  offices  (adapted  froi 
Clewcll  in  Eltelru  Journal). 


a  high  intensity.     In  many  installations  side-light  is  very  it' 
and  should  be  given  especial  attention  in  selecting  types  of  u 
and  reflectors.     Cut  glass  and  jewelry  should  be  so  lighted  a 
sparkle  and  glitter.     This  requires  hare  lamps  and  mirrored  refit 
ors.     Clare  is  to  a  certain  extent,  in  this  case,  unavoidable,  but  ti 
light  units  can  usually  he  so  located  as  to  be  out  of  the  custom! 
range  of  vision,  when  he  is  inspecting  [he  ware,     Pictures  ri 
high  intensity,  with  the  light  units  at  such  an  angle  that  light 
not  be  reflected  from  the  surface  of  the  painting,  or  from  the  g! 
directly  into  the  observer's  eyes.     Individual  units  or  ; 
trough  reflectors,  with  linolite  or  tubular  tungsten  lamps 
tiarily  used. 

gS-  Office  Lighting.— In  general  it  is  found  more  economical 
and  more  satisfactory  to  provide  general  rather  than  specific 
illumination  in  offices  containing  a  number  of  desks.  The  light- 
ing required  can  be  found  by  the  method  given  in  a  preceding 
aragraph.  In  locating  the  lights,  the  outer  row  should  not 
placed  mare  than  23  ft.  from  the.  wa.il,  to  iwoid  shadows  on 
d  about  the  walls.  Fig.  39  sViws*  ^cM  spaas*,  oWmsbja 
various  sizes  and  ot  ordinal-.-  \wi\l\v.  .  ^?..  v>  ■£""  ~ 
■  chart,  spacing  distances  wrAAWveW«A<-" 
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experience  to  be  satisfactory  with  different  ceiling  heights.  As  in 
industrial  lighting,  the  cost  of  illumination  is  usually  so  small  a 
percentage  of  the  salaries  of  the  men  in  an  office  that  a  very  small 
increase  in  their  efficiency,  due  to  less  eyestrain,  fewer  headaches, 
etc.,  will  more  than  jiav  for  even  an  eura  vacant  lighting  system 
(C.  E.  Clewell,  Electric  Journal), 
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96.     Specific  desk  lighting  (Fig,  41)  should  as  a  general  proposi- 
tion be  avoided.     This  is  particu\ai\y  Uue  mWiift  o'Ssess. "«Vaw  *. 
number  of  desks  arc  located.     A.  mutVi  \itVVcT  \ia.T.'w.\K>^w"fc*j: 
as  outlined  under  "  Ofiice  Lighting,"  a.  gwraaX  Auvava'j.'wro-  »«* 
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desdy  bright  In  render  iudividtol  desk  l»gl""'g  unnecessary, 
cifie  desk  lighting  should  generally  be  restricted  to  cases  where 
two  desks  are  located  in  an  office  chiefly  used  foe  other  piMPMM 
which  permit  of  a  eompcrati  vdy  low  degree  of  illumination. 

Do  not  locale  the  desk  light  too  close  to  the  work.  The  light  | 
unit  for  a  desk  should  be  hung  n  to  34  in-  above  the  disk,  about 
16  to  18  in.  from  the  front  of  the  desk  and  about  iS  in.  to  the  left 
of  the  center.  The  lamp  should  be  shaded  from  the  line  of  vision 
by  a  bowl  type  of  reflector — preferably  one  which  is  opaque.  Too 
much  light  is  as  objectionable  as  too  little.  An  8-c-p.  lamp  provide 
ample  light  when  located  as  suggested.  A  polished  reflector  is 
intolerable  as  the  streaks  produced  are  very  trying  to  the  eyes. 

97,  Some  Common -sense  Facts  Regarding  Window  Lighting 
(see  Fig.  42)  (National  X-ray  Rtfator  Co.  Catalogue).— A  good 
way  to  blind  your  prospective  customer,  so  he  cannot  see  the  goods 


Fig.  41. — Itlusti 


on  display  in  your  window,  is  to  put  exposed  lamps  around  th< 
window  borders  or  suspend  them  Irom  chandeliers  or  so  install 
them  in  the  top  of  the  window  that  his  eye  cannot  escape  them. 

The  light  must  come  from  in  front  of  the  goods  in  order  to  avoid 
shadows.  If  the  lamps  are  placed  in  the  middle  of  the  show-window 
ceiling,  the  front  of  goods  displayed  in  the  front  of  the  window  w'" 
be  in  darkness,  because  of  the  shadows.  Strange  to  say,  man: 
not  consider  this.  If  the  display  is  altogether  on  the  bottom  oi 
window,  as  in  the  case  of  a  jewelry  store,  this  shadow  effect  is 
important.    In  the  clothing  or  drygoods  store  window,  i    " 

Carrying  out  this  principle  that  light  must  he  thrown  on 

from  the  front  of  the  window  in  order  that  passers-by  may  si 

shadows  on  the  goods,  practically  means  that  the  lamps  must  be 
placed  high  up  in  the  window  nest  to  the  window  pane,  because 
there  is  no  other  place  where  tbey  car\Yie\i\iwi\>Ma'N  *,&  Violin 
Jper  direction  and  keep  tUeWnpsovrt.'A  \I&eiK«ni»rs  v— 


mof  tht 

sriuT 

lie  goat 

ust  be 
v&&  in 
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98.  Show-window  Lighting  (/.  P.  Frink  Catalogue). — Id  the 
average  sized  window,  linolile  lamps  will  give  excellent  results 
when  used  with  properly  designed  reflectors  on  account  of  their 
high  efficiency  and  adaptability  to  limited  space  conditions. 
Reflectors  with  -(andard  base  Limp-,  should  lie  used  in  unusually 
>iis:li  windows,  iiihl  i:i  v.indows  unusually  deep,  such  as  found 
furniture  stores,  as  well  as  in  some  cases  where  the  windows  in 
cjuestion  are  situated  nest  to  a  store  front  on  which  there  is  installed 
a  mass  of  exposed  Limps,  tin:-  glare  of  which  makes  it  necessary  In 


I 


>  make  the  adjoining 
window  appear  properly  lighted.  With  correctly  designed  reflectors 
there  arc  few  windows  that  require  more  light  than  that  given  by 
40-watt  lamps  spaced  8  in.  apart.  With  this  equipment,  8  to  12 
ft-c.  on  the  floor  of  the  windows  from  8  to  12  ft.  high  can  be  devel- 
oped. If  the  window  is  not  boxed  in,  the  reflector  should  be  pro- 
vided with  a  shield  to  screen  the  lamps  from  the  store.  If  the 
upper  part  of  the  window  Lack  is  glass,  or  the  window  is  backed 
with  mirror,  the  reflector  should  also  be  designed  with  a  shield  U 
prevent  back  reflection. 

gg.  Watts  and  Number  of  Lamps  Required  per  Front  Foot  for 
Window  Lighting  (Nation/;!  X-r;iy  Reflector  Company). — The  num.- ' 
ber  of  lamps  per  front  foot  of  window  or  the  waits  per  front  foot 
required  for  goe.il  window  illumination,  depend  very  much  on  the 
location  of  the  show  window,  whether  it  is  on  a  brilliantly  lighted 
street  and  in  a  city  where  a  great  deal  of  light  is  commonly  used  in 
show  windows,  or  whether  it  is  in  a  town  where  only  a  limited 
amount  of  show-window  Ughiing  is  common.  For  example,  ii 
small  country  town  a  single  redeclor  may  give  a  better  illuminate  .. 
of  a  Window  with  an  S-ft.  frontage  lh;m  is  common  among  the  other 
windows  in  the  town.  In  large  cities  where  dark  dry-goods  and 
men's  clothing  are  displayed,  some  merchants  consider  that  { 
window  cannot  bo  too  brilliantly  illuminated. 

On  account  of  the  efficiency  of  properly  designed  reflectors 
(because  of  the  fact  that  they  confine  and  direct  nearly  all  of  the 
light  where  it  is  wanted)  it  is  of  course  not  necessary  to  use  as  many 
lamps  where  the  reflectors  are  properly  designed  as  where  they  are 
not.  Where  relic  tor.-  e.re  designed  for  large  lamps  of  105  and  60 
horizontal  candle-power  (100  and  60  watts)  respectively,  the  lamps 
can  be  spaced  some  distance  apart  and  still  give  good  results. 
Some  splendidly  lighted  show  windows  in  large  cities  have  100- watt 
lamps  spaced  rft  and  24  in.  apart.  In  the  small  towns  where  lower 
standards  of  illumination  prevail,  this  spacing  can  be  safely  ir 
creased  to  36  in.  or  more. 

100.    In  lighting  counter  and   display  cases   the   same  rule 
followed  as  with  show-window  lighting,  viz:  Throw  the  light  o 
the  goods  displayed  and  not  into  the  eyes  of  the  observer.     1 
the  glare  from  the  lamps  rear  he?  the  observer's  eyes  he  is  partially 
blinded  and  the  result  desired  is  n»l  accomplished.    Tube  tungsten 
lamps  are  to  be  preferred  and  ihc-y  should  be  en  nipped  with  prober 
— continuous   ii    ; JOs-.il ih — reflectors.      Otd\\v.u\    y^csxAwfti  \*rai^4 
can  be  used  with   suitably'    designed,   YeflEXtai*WVftveV&fc\wK*B» 
rive  more  effective  result-  ami  constitute  a.  nciUt  to»to-W^  wtk 
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e  wattage  required  to  properly  illuminate  display  and 
jb  varies  with  conditions.  Experience  provides  the 
•  this  work  as  conditions,  such  as  reflection  from  the 

I  mirrors,  render  calculation  useless.     As  a  general 
illumination  in  canes  should  be  double  that  in  the 

ns-Manville  Co.).  In  an  8-  to  ij-ft.  show-case, 
-y  show-case  reflectors  and  tungsten  lamp:)  will 
i its  with  an  average  illumination  of  7  to  8  ft.-c. 

II  .  reflectors,  the  same  intensity  may  be  maintained, 
.-•  wattage,  in  a  12-ft.  case. 

EXTERIOR  ILLUMINATION 

103.  General  Requirements  for  Street  Lighting.— In  all  four 

lasses  of  street  lighting  (sec  par.  104}  it.  is  desirable  to  have  uniform 
itensity,  good  diffusion  to  prevent  sharp  shadows,  and  low  in- 
rinsic  brilliancy  to  reduce  glare.  It  is  not  usually  feasible  to 
ttain  all  of  thi .•■:  dc'irab:.c  i. ■. >- 1  ■: :i t i< .  1 1  ~ .  li  is  their  r-.ijrh  intrinsic 
irilliancy,  particularly  when  clear  outer  globes  are  used,  that  makes 
he  older  types  of  arc  lamps  objectionable  as  street  illuminants. 

104.  Classification  of  Street  Intensities. — City  streets  are  gen- 
rally  grouped  in  four  classes  as  to  illumination  requirements. 
"lass  1,  public  squares,  principal  business  streets,  streets  leading 
o  railway  station?,  jml  sections  of  si  reft?  where  crime  is  prevalent, 
hould  have  an  illumination  intensity  of  0.4  to  0.6  ft.-c.  Class  -2, 
comprising  streets  where  ni.dil  iral'lii:  is  moderate,  such  as  business 
itreets  having  little  traffic  at  night,  and  the  outlying  parts  of  main 
.borough fares,  require  about  0.2  ft.-c.  Class  3,  comprising  out- 
ying  residence  streets,  do  not  require  more  than  0.1  to  0.15  ft.-c. 
7lass  4,  comprising  sections  of  tin:  city  not  built  up,  or  country 
■oads,  arc  suflicientlj  illuminated  (beacon  lighl  ing)  with  0.05  ft.-c. 
In  addition  to  these  I  here  may  be  a  "  ichit.c  way"  where  t  or  even 
1.5  ft.-c.,  in  addition  to  the  illimiinal  ion  produced  by  the  window 
tnd  sign  lights,  is  permissible.     (From  paper  by  !_'.  !',.  Stephens.) 

105.  Electric  Light  Sources  Available  for  Street  Lifting. — 
ire  lamps  and  ^as-tilled  tungsten  incandescent  lamps  provide  the 
Host  economical  illumination  for  streets.  Of  the  arc  lamps,  the 
>pen  and  enclosed  carbon  arcs  have  become  practically  obsolete 
ls  street  illuminants.  The  metallic  flame  arc  has  largely  replaced 
the  older  forms  of  lamp.  The  color  of  the  light  is  white  and  the 
distribution  curve  shows  a  maximum  candle-power  from  15  to  25 
degrees  below  the  horizontal.  Its  maintenance  cost  is  compara- 
tively low.  The  efficiency  of  lit; li L  production  varies  from  0.4  to 
3.5  watt  per  m.  1.  h.  c-p.  The  light  from  tungsten  lamps  can  be 
refracted  in  any  desirable  angle. 

The  flame  carbon  lamp  is  the  most  recent  arc-lighting  develop- 
ment. The  efficiency  of  light  production  varies  from  0.25  to  0.35 
watt  per  mean  lower  hemispherical  candle-power.  The  light 
distribution  curve  shows  a  maximum  caniWe-po-Mei  \.wnv  in  \o  "*?• 
tegrees  helow  the  horizontal.  The  maximum  cMi&e-vwwet  N*y^S 
vrn  1,600  to  2,500  c-p.,  depending  upon  the  cmWeik,  tih*&-  ^5—  *■ 
ephens.) 


■ 
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Tungsten  series  incandescent  lamps  are  available  i 
from  60  to  1,000  c-p.     The  efficiency  of  light  production  varies  4 
proximately  from  0.8  to  0.45  watt  per   candle.     When  propenj 
equipped  with  a  suitable  redector,  they  are  well  suited  lor 
illumination. 

106.  Number  and  Size  of  Units  for  Street  Lighting. — Using  i    '>' 
small  number  of  uni(s  of  very  high  candle-power,  mounted  at  cod- 
sidcrable  height  and  placed  at  great  distances,   requires  a  hues 
total   light   flux   to  secure   the   minimum   allowable   ilhir*— ' - 
midway  between  units  than  is  required  with  closer  spacing, 
is  some  waste  of  energy  where  the  sources  arc  spaced  at  g 
tances  from  one   another.      On  the   other  hand,   increasing 
number  of  units  increases  the    installation  and  maintent 
of  the  system.     In  general,  if  energy  cost  is  low,  large 
great  distances  apart  are  better;  if  energy  cost  is  high,  sma 
placed  at  frequent  intervals  are  more  economical. 

On  streets  having  trees,  arc  lamps  cannot  be  used  becai 
height  at  which  they  should  be  mounted  will  cause  the  ' 
throw   dense   shadows   on   the  streets.     In   such   cases 
lighting  is  always  most  suitable. 

In  making  calculations,  the  point- by-point  method  shoi 
used,  making  calculations  quarter  and  halfway  between 
under  each  unit,  and  about  25  ft.  from  each  unit.  In  making 
calculations  it  is  necessity  to  c™  =  iilrr  only  the  illumination 
by  the  two  nearest  units.     (C.  E.  Stephens.) 

107.  In  residence  street  lighting  the  use  of  relatively 
units  is  usually  preferable  because  with  the  smaller  units  . 
lumination  is  more  uniform.  Another  feature  that  should  be 
sidered  in  this  connection  is  that  although  large  units  are  fori 
given  installation  preferable  from  the  standpoint  of  installation 
and  maintenance  costs  because  a  minimum  number  of  units  is 
necessary,  considerable  of  the  light  from  these  large  units  will  be 
wasted  in  lighting  the  yards  facing  the  street.  With  small  units 
spaced  closer  together,  most  of  the  light  falls  on  the  street  and 
walks  and  little  is  wasted  (Fig.  43).     (C.  E.  Stephens.) 

108.  Spacing  and  Height  of  Units. — The  uniformity  of  Qlutni- 
nation  with  a  given  unit  varies  with  the  distance  between  unit! 
and  their  heighR  The  very  nature  of  the  street  area  determines 
that  the  light  units  must  be  in  a  single  or  double  row  along  the 
street.  The  number  and  size  of  units  and  their  height  are  de- 
termined by  the  intensity  requirements  and  cost  of  operation. 
In  making  a  selection  of  units  tor  a  given  condition  it  is  necessary, 
therefore,  to  carefully  consider  the  curve  of  light  distribution  of 
the  available  units.  Increasing  the  height  of  the  lamp  decrease 
the  intensity  of  illumination  directly  under  the  lamp  quite  rapid!) 
and  does  not  materially  change  the  intensity  at  greater  distances 
from  the  lamp.  The  height  of  n  lamp  is  usually  limited  on  account 
of  the  eitremcly  high  cost  oi  "msta.".a.tum,  maintenance,  tree  ob- 

ttructfon,  etc. '   (c.  E.  Stephens.") 
ioq.      The   actual  amount  ot  uluioiaatioTi.  to  ^it  \ritf  _ 
■■ 1  on  the  street    C&ett,  Stu.vdurd  Uaribi.lii  vs. 
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based  in  the  United  States  on  gelling  something  like  the  effect  of 
average  moonlighl  mlv  in  fhv  nriuhborhood  of  0.02  ft-c. 

no.  Distribution  of  Street  Illumination.— In  the  illumination 
of  a  sidewalk,  for  example,  the  required  minimum  being  0.04  ft-c., 
the  specification  could  be  better  fitted  by  common  candles  placed 
6  It.  high  and  6  ft.  apart  along  the  curb  than  by  powerful  sources 
of  light  spaced  200  ft.  apart,  although  the  latter  would  give  more 
than   fifty  times   the  total  light  of  the   former,     (See   Fig.  43.) 


tiqhtmEtteti 


-■  Buildings  ... 


a  high-p. 


of  light  i 


■  light  ing  ui 


Some  point  between  these  extremes  should  evidently  be  chosen 
in  the  joint  interest  of  economy  and  good  average  illumination, 
and  a  few  trial  computations  will  bring  out  the  facts.  In  general, 
radiants  of  moderate  power  placed  at  moderate  distances  give  the 
best  illuminating  cllecls,  whether  on  the  street  or  indoors. 

in.    In  locating  arc  lamps  for  outside  illumination  one  should 
be  placed  where  possible   at  each  street  intersection  so  that  the 


FlO.  44. — Preferable  method  of  locating  lighting 


light  will  be  useful  in  all  four  directions.  Spacing  distances 
tween  street  intersection  lamps  is  a  thing  that  must  be  determined 
by  local  conditions.  Where  blocks  are  long,  or  strong  illumination 
is  required  for  display  purposes,  one,  two  ox.  e-jenmo«Aa.TO^>  cs». 

be  equidistantly  located  between  the  street,  mtwasK.'&tn^^a-'nw- 
113.    In  locating  IainpsaIoiiKCur^e4ioa&^&l&"^^*A't™-,:S*r 

Meted  preferable  to  place  them    as  suggeSttA.  \».  "S'-*-  W"»Mia 
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:?..•.-  .-."  jr.  :r.e  §a=*  *:ie  c:  the  road.    When  arranged  as  ska  Me* 
"..-v.ys  ciz  Sr  «?e=  *:  e=e  time  and  it  is  claimed  that  dirts*  l!* 
:•*....:  .'*r:?v-:<  ir.  :be  T\.\id  sre  more  effectively  revealed  in  fhst  Ipte 
:'?.,.    %  . .  -'.  .viy? ".:;  S»:^«=  :he  observer  and  the  lights.  1^& 

i :  5.  Height  of  Arc  Lamps  for  Outdoor  Tlhrmhmtion. — Gencnfir  l[r 
>;v:v";  :h<r  '.±rr.ys  jh.-uli  be  bung  as  high  as  feasible.  As  a  in  1^ 
.'.:v  '.'.~*ys  ire  bur.*:  :.v  ".:—  for  best  results.  From  3s  to  45  it  |v 
*:■.■■••.  :?.»•  crvur..:  :->  yr.-bab'.y  ibou:  right  for  average  conditions, tot  lfe 
*.:  >  >x  .:  „*:■:■.  fiisi?".;  :."  yL-^  "*=:;«  this  high  because  of  practicH  lg 
*v*> \.,:i::..*r>  >.;>.  i*  „-:>:.  :ree  shadows  and  the  like.  |i] 

::±.    CoexjaratiTe  ExaspZe  of  Alternating-current  Are  aft  1« 
Ser-.«  T*s£Kec.  Sew:  Iighsnjg  H.  A.  Hussey,  Electric  SmvmQ.  \\ 

*.'.-■*  .:«■?  i  <::-,>?:    V:.£.  4.5  I    52  £t._  wide  and  400  ft.  betwea  1 

: ■  * : »■  ->o: :  "i  * :  t\v  :  >»  ■* * : *  cr.e  iherradnz-current  enclosed  arc  it  I \ 

*...  ~        ;;-xy:';r      :_-_:    :c-c-p.    tuzgsten   lamps    (Fig.   45  II)   I; 

..   .v>:   '.->**  :.-   .'.v-j.:r  Tvr  year.    The  tungsten  lamps  IR   I 

■•  .*.  ■  :.v.  *.      -.   1  x-.  .■  :r*  ^r;_z-i  c-  o.-:t-  brackets  and  are  equity   I 


^-^-■•m*-^  ;..^^.»  V-.  «r*i?x 


>"    \v  ■ 


%  ■    * 


\^-.v   .».•  .w  ^.  .*  .\  .  v  -:-w:.     A:;— i:;  blocks  have  the  lamps 
"..■  -.xx  ..■-...•  .■    .  *.■  >:-:■.:  ^.-  ;2_:  :-r?  '.i— ps  are  provided 
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116.  Series  Tungsten  Street  Lighting.— The  adjuster  socket 
Item  out-rates  only  on  constant-potential  circuits.  It  consists 
of  lamps  connected  across  high- 1  on  si  on  constant- 
alternating-current  mains,  or  across  the  secondary  ter- 
tials  o£  a  constant-potential  transformer  or  auto-transformer, 
reactance  coil  is  connected  in  shunt  across  the  terminals  of  each 
up.  When  the  lamp  is  burning  the  reactance  coil  takes  only  4 
5  per  cent,  of  the  current.  If  the  lamp  filament  is  broken  or 
:  lamp  removed  the  voltage  forces  the  total  current  of  the  cir- 
t  through  the  reactance  coil,  magnetizing  it  to  saturation, 
ereupon  it  produces  a  counter-electromotive  force  equal  to  the 
:enlial  difference  across  the  lamp  when  burning.  This  main- 
ns  the  continuity  of  the  circuit  at  all  times. 
[17.  Series  Tungsten  Street  Lighting.— In  the  regulator  sys- 
1  the  scries  of  lamps  is  supplied  from  a  constant-current  regulat- 
:  transformer.  (See  Section  on  Transformers.)  This  automatic- 
y  controls  the  current  and  voltage  of  the  circuit,  and  maintains  a 
istant  current  regardless  of  the  number  of  lamps  burning.  A 
n  cut-out  device,  consisting  of  a  receptacle  and  socket  located 
the  street  hood,  short-circuits  the  lamp  and  thus  maintains  the 
itinuity  of  the  circuit  when  a  lamp  burns  out.  The  lamp  cut- 
t,  used  in  the  regulator  system  fur  maintaining  the  continuity  of 
;  circuit,  consists  of  a  thin  copper,  aluminum  or  lead  disc  coated 
th  an  insulating  enamel,  placed  between  clips  provided  in  the 
cket.  If  the  lamp  burns  out,  the  increase  of  potential  across  the 
ps  punctures  the  film  between  the  socket  clips  and  short-circuits 


I.  Suspension  fixture.  I.Bratkrt  Finturt. 

FlQ.  46.— Street  fixtures  for  tungalen  laropa. 
ii8.  Fixtures  for  Street  Tungstens. — 1'ig.  46  shows  two  of  the 
Mt  popular  tungsten  street  -lighting  fixtures.  That  of  II  is  ar- 
nged  for  fastening  to  a  pole,  while  that  of  I,  when  in  service, 
jigs  from  a  cable  or  span  wire  supported  by  two  poles. 
119.  In-locating  single  light  series  tungsten  units,  along  the 
rb  (sec  Fig.  4(1),  the  best  results  arc  obtained  by  allowing  the 
Tips  to  hang  from  1  to  1 J  ft.  outside  of  the  curb  line.  In  the  case 
single  line  liglilin;;,  a  distance  of  from  3  to  5  ft.  outside  of  the 
rb  line  is  usually  desirable.  Lighting  units  may  also  be  placed 
er  the  center  of  the  street,  either  by  =Ai=,\>tii=AOT\  *vn&a.i  \»  ■vSai- 
nmonly  employed  for  are    lamps    or  on.  oiaManTiVA  &Vasi&as.6* 


1  "Islands  of  Safety.'" 
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nps  of  350  c-p,  and  higher  should  specifically  state  if  thsy  are 
other  than  pendent  position.  The  light  center  length  n'l  Ihe 
:rs  MAZDA  C  lamps  shown  above  is  of  inches  (or  burning  in 
n  and  8J  inches  where  ordered  for  burning  tip  up. 

-p.  lamps,  which  art  su;j;tiiciJ  fnik-   ivsth    Mogul  Screw  Base 


lloscr  than  stated  :■.!■'   iv  :--ir-.--i  k  et  jl  pn«  4?chmiy  bo 

from  the  manufacturer  upon  application. 

When  any  lamp  is  hung  so  low  that  it  lies  within  the 
f  vision  of  a  nearby  observer  the  glare  from  the  unit  should 
nateil  by  the  application  of  a  proper  reflector  or  shade. 
A  reflector  should  always  be  used  with  any  incandescent 
ghting  lamp.  Where  no  reflector  is  used  a  large  portion 
ight  generated  is  projected  above  the  lamp  into  the  air 
rfiolly  ineffective  in  lighting  the  street. 
Where  lamps  are  installed  on  streets  bordered  with  trees 
pa  should  always  be  hung  a  trifle  lower  than  the  lower 
s  of  the  trees.  If  they  are  mil,  heavy  shadows  will  be  cast 
branches  and  the  effectiveness  of  the  illumination  will  be 
impaired. 
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Commonwealth      Edison      Co. 

rules  for  motor  wiring.  285 
Commutating-pole     generators 

and  motors 174 

-pole  machines 171 
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removal  from  conduit 485 
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Distribution  circuits 106 

conductors,    overhead....   382 

curves  of  reflectors 658 

direct-current,  two- wire. . .   385 
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or  service  boxes 371 

three-phase,  high -voltage .   390 
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Enclosed  fuses  in  place,  approx- 
imate cost  of 

flame  arc  lamp 

fuses,  dimensions  of  stand- 
ard table 

motors  vs.  open  motors. . . 

Energy 

loss  in  a  circuit 

in  any  conductor  tra- 
versed by  a  direct  car- 
rent  . .  #. 

Entrances,  service 

Equalizer      buses,      three-wire 

machines 

Equalizers 

Equivalent     cross-sections     of 

wires,  table 

Excitation  of  generator  fields.. 
Exciters  for  alternating-current 

generators 

Exposed  conduit  runs,  installing 

knob  and  cleat  wiring; 

surface  wiring 

wiring  around  and  through 

beams 

Extensive  globes  and  reflectors. 

Exterior  illumination 

Eyebolts  or  stirrups  in  manhole 
walls 


Factors,  conversion 

Factory  tungsten  lighting  sys- 
tems, table 

Faults  in  a  cable,  locating 

Feeder,  a ^ 

Feeders  and  mains,  layout  of . . . 
and  mains  to  the  floors  of 

buildings 

voltage  drop  allowed  in. 

combination 

conductors,  maximum  limit 

m  for  the  size  of 

individual 

maximum  load  that  should 

be  served  by  one 

Ferrule    contact     cut-out     vs. 
Edison  plug  cut-out. '. 

Fiber,  bituminized,  duct 

Field  circuit,  open 

relay  switches 

Fields,  excitation  of  generator. 
Filament  lamps,  characteristics 

of  metallized 

Fire-light   wiring   in   industrial 

plants 

Fish  plugs  for  pulling  in  flexible 

coti&&\& 

"F\sn.\TM£  to  cetv\.et  oraftXeta 

■mxe 

lot  vet\\ca\  <<wyc** 
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Horse-power,  test  of  motor. ...  66 

Watts,  kilowatts  and 17 

House  lighting 680 

Hunting 21s 

of  induction  motors 238 

prevention  of 216 

of  synchronous  motors ....  242 

Hydraulic  analogy  of  e.m.f —  8 


Illumination  constants 676' 

lumens  effective,  table.  .   676 
counter  and  show  case. ...   687 

exterior. . . .  .# 687 

general  principles 671 

installation   by   watts   per 

square  foot  method. .  .   679 
in  foot  candles,  economical 

ntensities  of , . .   648 

material  intensities  of 645 

minimum  on  street 688 

physiological  features  of. . .  643 

principles  and  units 643 

Impedance 21 

Incandescent  lamp  load  per- 
missible on  branch  cir- 
cuit     SIS 

lamps 661 

220^  volt  vs.  no  volt 662 

basis.  .# 666 

light  wiring 51S 

Independent  mains  for  lighting 

and  motors. .........   383 

Indirect  compared  with  direct 

lighting 64s 

lighting 64s 

reflectors  for 660 

wattage  tor 680 

Individual  line-shaft  and  motor 

drive.# 273 

motor  t  drive     and    group 

drive 282 

Inductance 21 

Induction-motor  applications.  .    116 
motors,  data  on,  table.  ...      51 
amperes     per     terminal, 

table 52 

capacities  of  transform- 
ers for,  table 594 

characteristic  curves  of.    222 

commercial 218 

data     on     single-phase, 

table 229 

general  characteristics  of 
polyphase,  squirrel- 
cage 219 

methods  of  starting.  ...    257 
the  principles  of  opera- 
tion of  the 217 

troubles 232 

regulator,  the 632 

Industrial  plant  light  wiring .  .  .   404 
plants  main  and  feeder  lay- 
outs     3&2 

Input 36 

tide  wiring  rules 399 

tallation  of  conduit 36  3 

nf  flexible  conduits 5** 


Installation,  of  motors  a 

erators 

rules  covering. . . 

of     structural     ste« 

ductor  or  troll* 

of  transformers. . . . 

Installing  cables  in  com 

national  metal  molt 

Instantaneous  value  of  s 

nating  current 

Instruments,     measurk 

testing 

Insulated  nails 

Insulating  combination 

socket  bushings 

Insulation   resistance    c 
erators,    measi 

of  the 

of  a  generator. . . 
measurements . . . 

of  a  motor 

testing    cable    for, 

telephone  recei 
where  wires  pass  1 

joists 

Insulator  pins,  wooden. 

supports,      dimensi 

,,Universar\. 

Insulators 

Intensified  arc  lamps. . . 

I ntensi ties,  economical . 

Intensity  of  illuminatic 

vertical  surface 

on  horizontal  suri 

of  normal  illuminat 

Intensive  globes  and  ref 

Intercommunicating    te! 

system 

circuits     of     the 

Cabot 

Interior  telephone,  insta 

wiring  costs 

Interphone     telephone 

ment 

Interpole  generators  and 
Intrinsic   brilliancy    of 

illuminants .... 
Inverse  square  law,  limi 

of 

Iron  conduit,  see  condui 
loss,  transformer.  .  . 
method  of  wiring  a 

trie 

and  steel  wire 

wires,     splicing    < 

vanized 

pipe  conduit,  laying 

in  place  of  condui 

telephone     and     tel 

wires,    galv, 

table 

wire,    commercial    j 
ized 
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>f 95 

96 

:onduit 491 

K 

554 

and  kilowatts^ 

s  between 24 

•ansformers  for 
Hinection 608 

•••••• 35 

nlovoltamperes     23 

.se    circuit    re- 

between 24 

Dwer,  watts 17 

423 

group  of  lamps  516 

423 

v. 424 

wiring 442 

ring 471 

571 

.  .  .  .   409 

i-tube  work. . .   473 

410 

conductors  on. .   441 
cord 404 

417 

L 

40 

icent,  bases  for  606 
por  and  tube. .   670 
bordered     by 

692 

show  win- 
hting. ........   685 

s  affecting  wir- 

«..•    558 

feeder    for    in- 

1  plants 382 

122 

5S 399 

rule  for 309 

•tors,  independ- 

ins 383 

1  main  for 383 

.  display  cases.  685 

show  case 687 

ways 689 

683 

687 

680 

Dmpared      with 

645 

s 681 

682 

w 685 

681 

ence 688 

and    height    of 

688 

umber  of  units 

688 

ired  with  trees.   692 
ind  bed  room.    68 1 


Lighting,  tungsten,  for  factories  686 

units,  spacing  of 672 

window * 684 

Light,  quality  of 67 1 

reflection  of 656 

source,  reduction  factor  of.  647 
wiring   in    industrial-plant 

storehouses 404 

Limitation  of  inverse  square  law  652 

Line  of  vision. 644 

Lined  and  unlined  iron  conduit .   477 

Lines,  how  to  run  conduit 488 

reactance,  reduction  of 140 

-shaft  and  individual  motor 

drive 273 

Load  center  of  a  circuit 135 

Loads  that  will  come  on  conduc- 
tors, determination  of. .    134 
Local  regulations  covering  in- 

,     stallation  of  wiring.  . .   399 
Locating  single  light  series  tung- 
stens along  curb 691 

Lock-nuts,  steel,  table 480 

Loom,  flexible 415 

Loop  circuit no 

Loops,  wiring  for  switch 586 

Loss,  copper,  of  a  transformer. .   593 

iron  of  a  transformer 594 

Low-hanging  lamp 692 

-voltage,   distribution  sys- 
tems, three-phase. . . .  389 
release     on     a    starting 

rheostat 246 

Lumen,  the 650 

Lumens  given  by  lamps. 674 

Luminous  radiators  or  air  heat- 
ers    581 

Lutz  metal  molding 468 

M 

Machine  and  motor  speeds  and 
recommendations    for 
belt  drive,  table. .....   304 

bolts  and  nuts,  dimensions 

of 350 

designing     a     motor-drive 

for  a 294 

tools,    size    of    motors    to 

drive 281 

speeds  of  various 281 

Machinery,  foundations  for.  . . .  286 
Machines,  applying  motors  to.  298 
Magnetic  luminous  or  metallic 

flame  arc  lamps 669 

field   about    a    wire,   hand 

rule  for  direction  of. . .     58 

Magneto  test  set 39 

Main,  a 109 

Mains  and  feeders,  lay-out  of. .   379 
and  feeder  lay-outs  for  in- 
dustrial plants 382 

combination  serving  groups  384 
for    lighting    and    motors, 

combination 383 

for    lightmfc    s^vd   motors 

indepeivdenX "3^ 

independent  sexvm^«co>a^  "*J£l. 

tapered * 


704 


INDEX 


Manholes 368 

brick 369 

concrete, 369 

cost,  table 374 

heads 372 

hook 373 

Materials  and  fittings,  wiring. .   404 

Matthews  guy  anchors 347 

Maximum    incandescent    lamp 
load     permissible     on 
any  branch  circuit. ...   515 
value  of  alternating  current     19 
Mean  horizontal  candle  power  646 
lower  hemispherical  candle 

power 647 

.    spherical     candle     power, 
reduction    factors    for 

obtaining. 647 

Measurement    of    very    small 

resistances 43 

Measurements,  power 45 

Measuring.  .# 38 

power  in  alternating-cur- 
rent circuits 45 

with  a  micrometer 70 

Melting  points  of  commercial 

fuse  wire 420 

Mercury  vapor  and  tube  lamps  670 

Mershon  diagram,  the 143 

how  to  use 149 

6s  cycles,  table  for 152 

50  cycles,  table  for 151 

Metallic  flame  arc  lamps 669 

Metallized  filament  lamps,  char- 
acteristics of 665 

Metal  molding,  grounding 469 

wiring 467 

Meters,  wiring  for  watt-hour. . .  432 
Micrometer,  measuring  with..     70 

to  read  a 71 

Millivoltmeter 42 

Mitered  metal  molding  at  elbow 

and  bends 470 

Molding,  abrasion 359 

days   work  for  a  wireman 

and  helper  in  erecting.   571 

wiring 457 

wooden,      dimensions     of, 

table . . .   459 

Motor,    amperes   per    terminal 

for  induction,  table. . .   222 
and  _  generators,    alternat- 
ing-current    201 

and      generator       defects, 

direct-current 178 

compensator  for  two-phase  628 
or  generator,  drying  out  a.    186 
and  generator  troubles,  al- 
ternating-current    232 

and  generators,  direct  cur- 
rent principles,  charac- 
teristics and  manage- 
ment of 159 

installation  of 284 

and  lighting,  independent 

mains  for 3&3 

application  of 273 

of  vertical 276 

applying  to  machines, , . , .  29$ 


Motor,  back-geared 

bearing  troubles  of 

characteristics     of     dir 

current 

commercial  induction. . 

cost  of 

delta-star  method  of  st 

ing 

determining  speed  requ 

of  a 

-drive  for  a  machine,  des 

ing 

-driven  pumps 

wood-working      mac! 

ery 

hcrse-oower  required  ol 
insulation  resistance  of. 

leads,  wires  for 

proper      connections 

shunt 

ratings,  minimum  pull 

belt  speed,  table. . 
speeds    and    recommei 

tions    for    belt    dr 

machine  and,  table 
test    to    determine    ho 

power 

the  principle  of  operal 

of  the  induction . . . 
transformer    ^  connecti 

for  starting  and  r 

ning 

variable-speed,    s  i  n  g  1 

#  phase 

wiring.  Commonwealth 

ison  Co.  rules  for .  . 
tables     on     alternati 

current 

Motors,    data   on    single-ph 

induction,  table . . . 
direct-current      vs.      al 

nating-current .  .  .  . 
for     different      speed 

quirements,  direct-< 

rent,  table 

induction,  data  on,  tab! 

open  vs.  enclosed 

pinions  for 

rating  of 

required    to    drive    wo 

working  tools 

rules  covering  installatic 

selection  of  small 

speed  classifications .... 
control     of     compou 
wound 

of  direct-current . . . 

of  polyphase 

of  shunt- wound. .  . 

speeds  of 

starting     and     control) 

devices  for 

synchronous 

to  drive  machine  tools, : 

of 

troubles  of  direct-curre 
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l  table  for  direct- 

nt  . . . . 292 

stributing    trans- 

ers 634 

>r  lamps 673 

?sten  lamps,  table  674 
jsten  street  lamps  692 
ing  distance,  ratio 
ungsten   lamps.  .   674 

ters 6.  7 

its 106 

stribution  of  cur- 

in  a 107 

ified  clay 363 

cuits 108 

of     electric     gas 

ing 538 

ighting,  installing 
• •    S40 

N 

brads,     common, 

•■• 407 

:nobs 410 

529 

404 

rical  code  rules. .   399 

d  fuses 418 

Iding.  . 467 

nation,  intensities 

64s 

ry  vapor  and  tube 

s. . . . . . 670 

switch  in 666 

wire  systems,  size 

114 

tisions,     table    of 

uit 480 

rs   and   pitch-line 

}■■■: 315 

ination,  intensity 
650 

0 

682 

49 

9 

41 

14 

of    the    applica- 

?^...: ■    is 

induction  motors.  239 

ers S9S 

firing 582 

losed  electric  arc 

s 666 

nection 603 

Don  arc 668 

5 420 

ed  motors 276 

f       transformers, 

lei 617 

489 

r,  fishing  to 586 

•••. ••   474 

:ubing    must    be 

lt;-  •: 474 

devices 579 


Outlets,  wall  or  partition. ... 440 

Output 36 

Overhead  vs.  underground  dis- 

t-ibution 381 

Overload  release   coils  on  com- 
pensators     265 


Panel-box    lay-outs    in    large 

buildings 565 

panels 515 

Panel-boxes 429 

on  floors,  distribution  to. .   566 

Panel-;,  panel  box 515 

starting  for  direct-current 

motors 247 

Parallel  circuits 106 

operation     of     compound- 
wound  generators. ...   170 
of  a  shunt  and  a  com- 
pound dynamo 171 

of  shunt  generators 170 

of  transformers 617 

three-phase  transformers. .  619 

Partition  and  wall  outlets 440 

interiors,  examining 587 

Partitions,  wiring  in  thin 473 

Pendants,  water-proof 451 

Performance  values  of  alternat- 
ing-current generators, 

table 204 

Phase,  the  word 19 

Phasing  out  three-phase  circuits   211 

Photometric  curve 655 

Physiological  features  of  illumi- 
nation   643 

Pinions,  bronze  and  rawhide. . .  315 

for  motors 314 

Pins,  cross-arm 353 

Pipe,  cement  lined 362 

straps,     galvanized     iron, 

table 480 

taplet  fittings  for  conduit. .  493 

tap 493 

Plaster-of- Paris,  drilling 586 

Plastered  partitions,  tubes  must 

be  used  at  bottoms  of  474 

Pockets,  foundation 287 

Polarity  of<  direct-current  cir- 
cuits, determination  of     57 
of  machines,  testing  for. . .   171 
of  single-phase  transform- 
ers connected  in  banks  619  . 
of   a.  solenoid    or   electro- 
magnet, hand  rule  for    58 
of  synchronous  motors ....  S42 

of  transformers 618 

Polarization iao 

Poles 3*9 

of  an  alternator,  speed  and 

number  of 202 

reinforcing    with    concrete 

and  steel 333 

specification's  lot *s** 

stee\ "W 

Porcelain.  \kyo\>*,  tfYccAtutarc*  o\ 

stendatSi **** 
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Portable  lamps,   underwriter's 

rules  covering 401 

Power 35 

and  current  taken  by  heat- 
ing devices,  table 580 

current,  voltage  and  power 
factor,  relations  be- 
tween      2± 

electric,  watts  or  kilowatts     30 

factor 21 

effects  of  low 21 

factors  of  apparatus. . . .    139 
in  a    non-inductive  cir- 
cuit      21 

low,  correction  of 22 

relations  between  power, 

current,  voltage  and. .     24 
three-phase,  determining 

with  wattmeters 63 

typical 22 

Power  in  alternating-current  cir- 
cuits       21 

in   direct-current  circuits.      16 
in  three-phase  circuits. ...     62 

in  two-phase  system 62 

loss  in  any  conductor,  cal- 
culating     149 

measurements 45 

Preservation  of  poles,  creosoting  327 

Primary  fuses,  sises  of 630 

Principles  of  illumination  design  67 1 
Printing  machinery  power  re- 
quired for 283 

presses,  power  required  to 

#  drive 283 

Pt  smatic  reflectors,  chart  for.  .   673 
ratio    of    mounting  height 

to  spacing  distance.  .   674 
■'  Dperties  and  splicing  of  con- 
ductors      67 

of  flexible  tubing  or  loom .  .   415 
r:otecting    a    wire    where    it 

crosses  another 444 

reinforcing  conductors.  .  .  .   434 
Protection  and  switches  on  dis- 
tribution systems ....   39 1 
P*.lley  centers,  distance  between  306 
speeds  and  diameters,  rules 

for  determining 321 

"  '.lleys  minimum,  motor  ratings, 

belt  speed,  table 300 

speeds  of 321 

lVlling  wire  in  conduit 508 

Tdl-out    torque    of    induction 

motors 224 

Pulls  boxes  substituted  for  el- 
bows    492 

l'umping,  power  required  for.  .      283 

Jumps,  motor  driven 282 

rush    button,    double   contact, 

three-point 536 

0 

Quick-break  switches 424 

R 
Riils,  trolley,  of  structural  stee\.  52  4 


Rating  of  incandesce 
Ratings  and  capacit 

coils 

knife  switch . . . 

transformer 

Rawhide  and  bronze 
Reactance,  line,  red 
effect  of  line. . . 
Reaming  flexible  st< 
Reduction    factor 

source 

Reflection      coefficii 

of 

of  light 

Reflectors 

asymmetric . . . 
concentrating, 
distribution  cu 
extensive,  int 
concentrat 

focussing 

for  indirect  lig 
for  street-light 
power  of  surf  ac 

Refraction 

Regenerative  arc  la 

feature,  induct 

Regulation    of     inc 

non-inducl 

Regulations    coveri: 

tion  of  wii 

Regulator,  indue  tic 

step-by-step   p 

Reinforced  concrete 

Remote  control  swi 

Removal    of    condi 

conduit.  .  . 

Removing  flooring 

Repulsion    starting 

phase  mot 

Resetting  poles .... 

Residence  street  lig 

wiring. 

cost 

Resistance     and 

coefficients 
and  alloys 
contact ....... 

in  alternating-c 
cuits,  effec 
in  sulation,  me 
of  a  generate 
of  a  motor. . 
measured  by  a 
of  a  circular 
copper. .  . 
of  conductors, 
to  find  the.  . 
of   conductors 

joint. 

to  obtain  .  .  . 
of  steel  trolley 

the  ohm 

what  determini 
with    change    < 

ture 

Resistances,     meast 
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i  of  pure  solid  bare 
pper  wire,  dimen- 
)ns,     weights    and, 

ble 78 

10 

cooled 104 

3tting 103 

103 

buck  arms 353 

10 

ltage    release    on    a 

arting 246 

controller 244 

243 

Ire 104 

104 

t 112 

375 

able,  definition 67 

416 

r  open  surface  wiring  447 
verters,  transformers 

r  serving 614 

:ring  installation  of 
lephone  call  bell  and 

mlar  circuits 294 

ansformers 633 

ide  wiring 399 

al  electrical  code  .  .  .   399 
nriter's  for  interior 
iring 401 

S 

mealed    copper   line 

ires,  table 357 

.ails  with  split  knobs  410 

•  • 405 

battery  or  accumu- 

tor 123 

j,       alternating-cur- 

nt  low- voltage 393 

,  transformer  con- 
ictions  for  three- 
ire 596 

loose  commutator. .    195 

on.. 34 

excited  generators.  .    160 
Dridging  telephones.   546 

106 

* 392 

ng. 52 

iting 540 

ole  lines 393 

)le  circuit 108 

me  circuit 498 

rmer,    electric    and 
ignetic  circuits  of  a .  629 
m  street  lamps  corn- 
red  with  alternating- 

rrent  arcs 690 

ing 691 

I  motor  speed '244 

mstant-current  gen- 
tors 159 

rd,  electric 431 

:es 431 

no 

crane 521 

' 331 


Sheet  metal  gages,  comparison 

of 74 

and  wire  gages,  table 72 

Shop  wiring  design 566 

Show-case  lighting 68? 

-window  lighting 685 

Shunt  and  compound  dynamo 

in  parallel 171 

circuits,  multiple 106 

generators,  parallel  opera- 
tion     170 

motor,    proper    connec- 
tions for 187 

series     for     a     compound 

generator 172 

-wound  generator 161 

to  start  a 166 

motors,  speed  control  of  24s 

Side  arms • 352 

Sign  flasher,  principles  of  the. .   574 
lighting,  transformers  and 
#  auto-transformers  for.  628 

wiring,  electric 573 

Signal  wires  in  finished  build- 
ings    527 

Signal  wiring,  bell,  annunciator, 
burglar  alarm,  t  e  le- 
phone and  electric  gas 

lighting  wiring 527 

in  frame  buildings 523 

Single  duct,  vitrified  clay 369 

Single-phase  alternating-current 

distribution 386 

calculation    of  A.    C. 

circuits 141 

calculation   of   A.    C. 

circuits 144 

alternators 203 

branches     from     three- 
phase  circuits 143 

circuits,  amperes  in 25 

amperes  per  kilowatt, 

table # 25 

distribution   in    Denver, 

Colo 226 

induction  motor 226 

data  on,  table 229 

repulsion  starting  of . . . .   227 

test  for  polarity  of.  m 618 

transformer  connections.  595 
transformers    connected 

in  banks 619 

-pole  switches 435 

switch  in  neutral  wire. .   435 

-throw  knife  switches 424 

Size  and  capacity  of  transformer 

fuse  wire,  table. ...  634 
Sizes  of  primary  fuses,  table. .  .   634 
of    wire    for    feeders  and 

main 381 

Skin  effect 34 

Slide- wire  bridge,  how  to  make.     48 

Slip  of  induction  motors 225 

Slotting  of  commutators 197 

Slow-burning  conductors %o 

weathat-ptool Vv 

Snap  swltcnas *   **a^ 

or  ftusto.  «m\na&«v  wefccoY- 
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Socket  bushings,  insulating. . . .  416 

Sockets 417 

for  electric  signs 57k 

Soils,  bearing  power  of . . . 286  » 

Soldering  commutator  wires .. .   102 

flux 102 

joints 96 

paste  or  stick 102 

Solution,  copper  sulphate. .....  361 

Spacing  and  height  of  lighting 

units . .   688 

chart  for  prismatic  reflec- 
tors    673 

distance  for  prismatic  re- 
flectors, ratio  to  mount- 
ing   height 674 

lighting  units 672 

of  poles '330 

Spacings  for  conduit 482 

Spark  coils,  electric  gas  light- 

.     ing 538 

Sparking  due  to  open  armature 

circuit 190 

due  to  rough  commutator.    194 
Speaking-tube,  bell  wiring  cir- 
cuits    5.31 

Speed  and  number  of  poles  of 

an  alternator 202 

control   of   polyphase   mo- 
tors.     267 

motor    ratings,     minimum 

pulleyst  belt,  table. .  .   300 
reduction  with  a  belt  drive.  299 
requirements,      direct-cur- 
rent motors  for  differ- 
ent, table 277 

series- wound  motor 244 

Speeds  of  motors 299 

of  pulleys  and  gears 321 

of  various  machine  tools.  .    281 

Splices  and  joints. 472 

in  bare  copper  wire 91 

in  insulated  line  wires 92 

in  interior  wires 93 

Splicing  and  properties  of  con- 
ductors        236 

belts 311 

of  galvanized  iron  or  steel 

wires 256 

Split  knob 410 

use    of    nails    or    screws 

with .• 410 

Square  mil 10 

mils   or  square   inches,   to 

reduce  to  circular  mils.     1 1 
Squirrel-cage  induction  motors, 
general  characteristics 

of  polyphase 219 

Stairway    lighting,    circuit    ar- 
rangement for 520 

Standard  transformers  as  auto- 
transformers 624 

as    boosters    to    provide 

2080  volts   611 

symbols 401 

wiring  symbols 404 

Star-connected    primary   delta- 
connected     secondary 

transformers 602 

transformers 601 


Starting  and  controlling  device* 

for  motors 

compensator,     auto-trans- 
former  as  a 

compensators   for  squirrel- 
cage  induction  motors, 
induction     motors,     delta- 
star  method  of 

panels    for     direct-current 

motors 

synchronous  motors 

Steel  armored  conductor 

poles 

wires,  splicing  of 

Step-by-step   potential  .regula- 
tor   

-down  transformer 

Steps,  pole 

Stirrups  or  eyebolts  in  manhole 

walls 

Storage  battery 

batteries,  m  directions     for 

charging 

electrolyte  for 

installation  of 

rules  for  operation. 

Store  lighting flj| 

Strand,  definition 

galvanized  steel , . . . 

or  cable,  galvanized  steel, 

table gl 

Stranded  conductor,  definition,  tyj 

wire,  definition 

Strands {  in  cables,  table 

Street    illumination,     distribu- 
tion of . .' 

lighting,    electric    light 
sources  available  for. . 
general  requirements...  6tjj 

residence 6tt| 

series  tungsten 691] 

tungsten  lamps,  fixtures  for  69H 
Streets,  minimum  illumination      I 

on . .    6tf  |Tel< 

Strength,  tensile,  of  copper  wire, 

table ?l! 

Stringing  wire 357 

Stub  guys ; 34* 

Supporting  conductors  on  steel 

angles 448 

on  steel  columns 449 

conduit  on  hollow  tile 500 

crane  trolley  wires 52a 

of  interior  wires. . .  « 472 

open    wiring    in    concrete 

buildings. 44S 

Supports,  intermediate  for  trol- 
ley wires 522 

"Universal  Insulator". . . .  449 

Surface  wiring  exposed 447 

protection  of  exposed . . .  442 
Surfaces,  reflecting  power  of . . .  056 
Surging 216 

Yv^ate  Vtoxcv ^$a 

Svnta&bcrat&s «& 

SwXcn.  Y>o*,  vtoxv. * 

\>o*es,  -woo^fetv 

cxatve  ser<iv» 

Vn.  txev&tsX  ws« 
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>s,  wiring  for. . .   534 

s 490 

trol.... 425 

.re  for  induction 

.,  fuses,  table .  .    295 

group  of  lamps 

.; ;.      516 

lling    lamps    in 

519 

I '464 

518 

surface  wiring . .   447 

°.f 423 

tion  system 391 

k 424 

430 

w  knife 424 

425 

5i6 

• 517 

>n  control 517 

••;••.■: 70 

ard  wiring.  .401,  404 

210 

lotor  troubles.  .  .  240 

230 

240 

3le 206 

213 

T 

ps 664 

109 

t..: 493 

nch  in  molding. .   463 

95 

wires 93 

compared     with 

elta  or  Y 607 

:-phase    to    two- 

i 60s 

nder  f or  testing  .  40 
:uits  in  apartment 

2s. 553 

loltzer-Cabot  sys- 

•.••••: 550 

interior 546 

or  tests. 39 

ever  switch  inter- 

nunicating 548 

conductors  for. .  555 

ge  office  buildings  556 

:  • •    540 

lent  stores,  wir- 

°r 555 

and  specific  re- 
ices,  coefficients 
?tals  and  alloys.  .      12 

onductor 13 

idation 287 

1  out  guy  anchors  347 
oavy  conductors.  451 
uity  of  multiple 

of  single-pha.se 

rmers     618 

circuits     on     a 

system 56 


Test,  lamp 40 

Testing  a  concealed  wiring  sys- 
tem     127 

and  measuring  instruments.    38 

a  new  installation 55 

by  tasting 38 

cables  for  insulat-on  with  a 

telephone  receiver. ...     51 
for  cable-ground  with  the 
home-made    slide-wire 

bridge 48 

Testing  for  polarity  machine.  .   171 
of    three-wire    circuits    to 

identify  the  neutral  . .     56 

series  circuits 52 

the  presence  of  voltage    . .     38 
Tests  for  armature  circuits. ...   191 

Thermometer  scales 37 

Threading  conduit 497 

Threads,  conduit  and  pipe    . . .  485 

Three-phase  alternator .' .   207 

circuit,  relations  of  volt- 
age,    current     and 

power 2p 

star  or  Y-connected.  .     27 
circuits,     amperes     per 

phase  in 31 

booster  transformers  in  610 

power  in 62 

single-phase    branches 

from 143 

current 26 

high-voltage,  distribu- 
tion systems 390 

low-voltage   distribution 

systems 389 

open  delta  connection. . .  603 

phasing  out «n 

power  factor  with  watt- 
meters       63 

service,  comparative  cost 

of  transformers 605 

three-wire      alternating- 
.    current  circuit,  calcu- 
lation of  a 148,  156 

three-wire  alternating- 
current  circuits,  cal- 
culation of 142 

to  two-phase  trans- 
forming   605 

transformer  as  an  auto- 
transformer 628 

connections 599 

operating  a  damaged.  622 

transformers 62 1 

application 622 

connecting  windings. .  622 
parallel  operation    . . .  620 
vs.    group    of    single- 
phase  transformers.   599 
-voltage  rating     of  incan- 

de^et&  Y&XKQI&. . . .%. .  tafc»"v 
-wire  catcvuXa  \.o  vkwcfcik'j 

fVierie\x\.T«X. * 

&\TecA.-currerv\.  ^e-ftKreXa**.  i 

generators,  sVvV*&k>*^ 
corvTvectvon*  w*  ***.*. 
system 
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Three-phase  machine,  equalizer 

buses 165 

service,  transformer  con- 
nections for 596 

system,  the 56 

to  two-wire  change-over 

switch 435 

Three-way  switches 517 

Tie  wires 359 

-wires 442 

Toggle  bolts 409 

Tools,  wiring  old  buildings 584 

Torque 36,  60 

and  starting  current  of  alter- 
nating-current motors  224 

of  induction  motors 223 

pull  out,  of  an  induction 

motor 224 

of  squirrel  cage  induction 

motors,  table 262 

Transformer  connections,  spe- 
cial   605 

connections  for  250  and  400 
volts  from  a  1,1  so- volt 

line 615 

constant-current 630 

-potential 59i 

efficiency 593 

high-tension  winding 593 

oil. 595 

ratings 594 

secondaries,    ground    con- 
nections to 395 

series,    electric   and   mag- 
netic circuit  of  a 629 

static 59i 

step-down 59i 

step-up 591 

the  current 629 

as     auto-trans- 

~rmn 611 

-Hitn&sfonners  for 

(■feting 628 

«-. - 595 

609 

f. 612 

-d  in  bulks,  polar- 
it 619 

tiple 618 

tr-wire  two-phase 

ihs 597 

nsforjpjtributing  595 
■"-ctJP^rSrimary 
sr-connected  to 
try 601 

.....v 593 

r  rotary  conver- 

_ •. .  614. 

naection 600 

—'phase    to   two- 

m 605 

Ssiii-iKaii 63S 

■tar 610 

Ion  of 633 

.4  distributing 634 

H  farms 62ft 

•arntion  of 617 

RT 6x& 


Transformers,  primary  and  s 
ondary  coils  delta. . 

three-phase. 

voltage  boosting  and  ch( 

ing  effect  of 

and  capacity   charact 

istics 

Transformation      from     thn 

phase    to    two-pha 

Transforming  from  360  volts 

2,400  volts 

Tree  circuit 

-wiring. . 

Trigonometric  functions 

Triplex  cable,  definition 

Trolley  rails  of  structural  st 

wire  for  cranes 

supporting  crane 

Troubles,  belt 

of  alternating-current  n 

tors  and  generators. 

of    direct-current     mot< 

and  generators 

Tube  and  knob  wiring 

Tubes  at  bottoms  of  plastei 

partitions 

for  knob  and  tube  woi 

dimensions  of 

provide    insulation    wh< 
wires       are       carri 

through  joists 

Tubing,  flexible. 

Tungsten  street  lighting 

filament  lamps,  charact 

istics  of 664,  6 

lamps % 

for  street  lighting 

mounting  heights  for 

ratio  of  mounting  heig 

to  spacing  distance. 

lighting  for  factories,  tal 

street  m  lamps,      mounti 

heights  for 

Twin  cable,  definition 

wire,  definition .  #. 

Twisted  pair,  definition 

Two-  and  three-wire  porcels 

cleats,  dimensions  < 

Two-location  control  with  d< 

ble  pole  switches . . . 

-phase  alternator 

booster  transformers  ii 
circuit  amperes  in ... . 
transformers    connecl 

to  four-wire 

current 

four-wire     alternating-c 

rent,  calculation  of. 

alternating-current     < 

cuits,  calculation  o! 

induction  motor,   comp 

sator  for. 

system,  application  of  tl 

power  in 

transformer  connections 

oarcenX 
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e 358 

U 

on     a     three-wire 

;em / 114 

1  conduit. ........   361 

lead  distribution.  .   381 
's     rules     covering 

•outs. 417 

covering      portable 

ps. ...... . . 401 

•  interior  wiring. . .  401 
>rinciples  illumina- 

1 643 

it  lighting,  number 

size  of. ... . 688 

jhting,  spacing  and 

jht  of 688 

insulator     sup- 
ts,  dimensions  of. .   449 

V 

3d,        single-phase 

;or. 228 

lduits,    conductors 

$t  be  supported  in  504 

tion,  intensity  of . .   654 

3i8 

ation.  of 276 

►f 644 

r 644 

'  single  duct 363 

8 

capacity   charac- 
stics       of      trans- 

ners 618 

:  and  choking  effect 

ransformers 610 

)wable  in  circuits. .    129 
>wed  in  feeders  and 

ns 563 

r   cent,    line   drop 

129 

je  cells 124 

1  of  a 116 

i  effect  of,  on  car- 
incandescent 

ps,  table 662 

neasuring    current 

1  a 42 

nd  ammeters 45 

imperes,    the    dis- 

tion  between 9 

ascertain  the 130 

different  per  cent. 

d,  table 130 

W 

tition  outlets 440 

ndation 287 

wrought  iron  ... . .   352 

resistor 104 

pendants 45! 

ats. 106 

1  electric  heater.  .    507 
to  illuminate  dis- 
and  counter  cases  687 


Watt-hour  meters,  wiring  for. .  432 
Watts,    kilowatts    and    horse- 
power       17 

kilowatts,    electric    power     36 
per  square  foot  for  different 
intensities  with  Tung- 
sten lamps,  table 679 

method  of  designing  il- 
lumination installa- 
tions  677 

required      for      indirect 

lighting 680 

Weather-proof        slow-burning 

conductors 81 

Weights    of    a    cir.    mil-ft.    of 

metals 69 

of   copper   conductors   re- 
quired    for     different 
systems  of  distribution  120 
-  of  solid  bare  copper  wire, 

table 78 

of    wires,  computation  of.     69 

of  wood  poles 326 

Wheatstone  bridge 46 

Winding    faults    of    induction 

motors 23s 

Windings    of    a    transformer, 

polarity  of 618 

Window  lighting 684 

Wire  and  cable  for  voltages  of 
600  to  1,500,  proper- 
ties of  rubber-covered, 

table 85 

guy. 348 

rubber-covered  for  volt- 
ages fo  1,500  to  2,500.     88 

terminology 67 

weather-proof 89 

0-600  volts,  duplex  two 

two-conductor 89 

rubber-insulated   ....     82 
and    fuses    for    induction 

motors 292 

and  sheet  metal  gages,  com- 
parison of,  table    74 

table 72 

capacity  of  conduit 485 

commercial        galvanized- 

iron 97 

definition 67 

dimensions,    weights    and 
resistances     of     solid 

ba-       oper,  table 78 

fishing ...     505 

for  bell  work 529 

for  cranes,  trolley 521 

for  electric  lines 356 

for  gas  lighting  systems.. .   540 
for  induction  motor,  fuses 

and  switches,  table . . .   295 

for  metal  molding 467 

for  use  in  unlinedwrought- 

iron  conduit 478 

gages 69 

melting  points  of  commer- 
cial iusfc nw* 

nails ft^ft* 

and  brads,  \.«JcJte \w 

racks **•* 
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Wire,   splices   in   bare    copper  91 
weather-proof     and     slow- 
burning  copper,  table.  80 
Wires,  computation  of  weights 

of 69 

equivalent  cross-sections  of 

.  table 73 

fishing  for  vertical 529 

for  motor  leads 289 

galvanized-iron    telephone 

and  telegraph,  table. .  98 

ground 395 

in  finished  buildings,  signal  527 
safe   carrying   capacity   of 

copper,  table 80 

sizes  for  circuits,  how  to 
proceed  in  determin- 
ing   133 

supporting  interior 472 

on  wood  in  dry  places. .  527 

taps  in  copper 93 

tie 359 

Wiring  a  building,  method  to 

use  for 558 

and  installing  sign  flashers  575 

an  electric  iron 582 

Commonwealth  Edison  Co. 

rules  for  motor 285 

conductors  for  telephone. .  555 

conduit. 477 

costs,  miscellaneous 572 

crane 520 

design 566 

diagram,  crane 526 

electric  light 5T5 

sign 573 

exposed  surface 447 

fittings  and  materials 404 

for  a  flashing  illuminated 

.sign .  578 

for  incandescent  lamp  cir- 
cuit   437 

for  Vght,  selecting  a  system 

for. 558 

for  a  residence,  planning  the  558 
for  switch-controlled  light- 
ing circuit 437 

for  switch  loops 586 

for  switches 474 

for  telephones  and  signal 
systems  'n  department 

stores 555 

for  watt-hour  meters 432 

in  breweries 455 

in  chemical  works 455 

in  damp  places 452 

in  dry  kilns 455 

in  flour,  cereal  and  planing 

mills A$S 


Wiring  in  industrial-plant  st 

houses 

in  metal  refineries 

in  packing  houses 

installation,   design  of 

terior 

installations,     laying 

old  house 

in  steel  mill  buildings. . . 

interior,  regulations 

underwriter's  rules  fo 

in  thin  partitions 

knob  and  cleat 

and  tube 

large  hotels  and  apartn 

houses  for  telephoi 
office  buildings  tor  1 

phones 

lay-outs,  factors  affect] 
for  a  large  building, 

points   to    be    con 

ered 

methods 

molding. 

old  buildings 

open,  in  concrete  buildi 
plan  of  an  old  building. 

rules,  legal 

sign,  for  high-speed  effe 

signal,    bell,  '  annuncia 

burglar     alarm,     t 

phone  and  electric 

lighting 

in  framed  buildings. . 

suggestions,  general 

symbols,  standard 

table     for      direct-cun 

motors 

tables   on   alternating-* 

rent  motor 

the  loop  system  of 

underwriter's   rules  co 

ing  dynamo 

Wood  screws 

Wooden  insulator  pins 

molding 

Wood-working  machine 

motor-driven 

tools,    motors   required 

drive 

Work 

Wrought-iron  conduit,  wire 


Y-connection  compared  with 
or    delta-connectio 
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Wiring  for   Light  and  Power 

By  TERRELL  CROFT 
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ircmen  to  meet  the  requirements  of  the  National  Electrical 
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Wiring  of  Finished  Buildings 

By  TERRELL  CROFT 

27S  Pages,  siXS,  over  20a  illustrations,  S2.00  (8/4)  net, 
osipaid. 

This  book  covers  both  the  commercial  and  technical  a.s- 
ects  of  the  subject.  It  tells  first  how  to  secure  the  business. 
1  reproduces  successful  advertising  campaigns,  covers  de- 
lils  of  the  soliciting  business,  making  contracts,  etc. — the 
hole  commercial  problem. 

Second  it  covers  the  technical  details — every  method  and 
ink  of  the  cleverest  men  in  the  installation  of  wiring  in 
impleted  structures. 
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FOURTH  EDITION,  1915— A  NEW  BOOK 

Thoroughly  Revised — Largely  Rewritten — Entirely  Remanufad 

Edited  by  FRANK  F.  FOWLE 
Formerly  Editor,  Electrical  World 

2000  pages,  pocket  size,  limp  leather,  thumb  indexed, 
$5.00  (2 is.)  net,  postpaid 

The  new,  fourth  edition  is  practically  a  new  book,  rv 
rewritten,  reset  from  cover  to  cover. 

The  rapid  progress  in  electrical  development  and  the  br 
scope  of  the  new  editorial  ideal  underlying  this  work  have  ne 
tated  a  book  of  2000  pages — more  than  fifty  per  cent.  new. 

An  almost  entirely  new  staff  of  contributors  has  prepare* 
material,  including  over  sixty  of  the  leading  electrical  engine* 
the  country.  These  new  contributors  were  given  a  free  hai 
embody  all  the  best  in  the  old  edition  with  all  that  was  new. 

On  the  basis  of  a  book  that  has  been  standard  since  first  pul 
tion,  a  new  book  has  been  built,  broader  in  scope  and  fuller  in  < 
— the  best  that  could  be  produced. 

LIST  OF  SECTIONS 

I.  Units,  Conversion  Factors  and  Tables.  II.  Electric  and  Ma 
Circuits.  III.  Measurements  and  Measuring  Apparatus.  IV.  Prop 
of  Materials.  V.  Magnets,  Induction  Coils,  Condensers  and  Res 
VI.  Transformers  and  Rectifiers.  VII.  Alternating-Current  Generato 
Motors.  VIII.  Direct-Current  Generators  and  Motors.  IX.  Converte 
Double-Current  Generators.  X.  Power  Plants.  XI.  Power  Transm 
XII.  Distributing  Systems.  XIII.  Interior  Wiring.  XIV.  Illumin 
XV.  Industrial  Motor  Applications.  XVI.  Electric  Railways. 
Commercial  Electric  Vehicles.  XVIII.  Electric  Ship  Propulsion. 
Electro- Chemistry.  XX.  Batteries.  XXI.  Telephony,  Telegraph} 
Radiotelegraphy.  XXII.  Miscellaneous  Applications  of  Electricity.  X 
Mechanical  Section.  XXIV.  Standardization  Rules  of  the  A.  I. 
XXV.  Engineering  Economics. 
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A  collection  of  439  circuit  diagrams,  representing 
branches  of  electrical  engineering,  with  the  ex- 
ation  of  telephony  and  telegraphy. 
The  diagrams  have,  been  taken  from  actual 
ictice.  They  include  not  only  diagrams  of 
:ent  apparatus,  but  also  those  that  illustrate 
portant  principles  and  those  of  standard 
paratus  in  extensive  use. 

The  diagrams  show  much  more  than  simple 
ring  connections.  By  their  use  it  is  possible  to 
r  out  a  modern  switchboard,  to  connect  the 
paratus  and  to  understand  the  principles  of 
eration  of  the  various  machines.  The  book 
es  not  attempt  to  cover  armature  winding. 
There  is  practically  no  text,  the  circuit  diagrams 
ving  been  so  drawn  as  to  be  self-explanatory. 

CONTENTS.— D.  C.  Generators.     A.  C.  Generators.     Feeders. 
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